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Society of University Surgeons 
THE DECLINE AND FALL OF SCIENTIFIC SOCIETIES 
C. Rouuins HANton, M.D.,* St. Louis, Mo. 
URING the long history of progress in science, scientific societies have arisen 
by tens of thousands, and these myriad organizations have persisted for 
4 periods varying from months to centuries. 
: On the eve of its twenty-first birthday, it seems appropriate for the Society 


of University Surgeons to pause briefly for self-appraisal and for a look toward 
the future as foreshadowed by certain events in the history of other scientific 
societies. Combining these historical glimpses with a casual analysis of the 
origins and development of scientific societies may enable the membership to 
orient itself more effectively toward solution of the problems which this Society 
faces. 

The developmental history of a scientific society may be considered in terms 
of its origin, its organizational pattern, and the internal and external influences 
that act upon it. 

Scientific societies have their origin in the basie desire of man to increase 
his knowledge of nature. With the striking development of the experimental 
method by individual scientists such as Sir Francis Bacon, Deseartes, and 
(ialileo at the beginning of the seventeenth century,*® there sprang up various 
organizations devoted to experimental science, or, as it was then known, natural 
philosophy. We shall refer to four of these early societies, the first three 
Italian and the last the venerable Royal Society of London. 

The first scientific society of modern times was the Academia Secretorum 
Naturae established at Naples in 1560 by Della Porta. The border line between 
science and magic was indeterminate at that time and this society disbanded 
because of accusations of witcheraft. 

4 Presidential Address, presented at the Twentieth Annual Meeting of the Society of Uni- 
“ versity Surgeons, Denver, Colo., Feb. 12-14, 1959. 
: *Professor of Surgery and Director, Department of Surgery, St. Louis University. 
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A more important group flourished intermittently at Rome during the first 
30 years of the seventeenth century. This was the Accademia dei Lineei, 
originated by Duke Federigo Cesi and comprised of 32 men including Della 

Porta and Galileo. Its proceedings, the Gesta Lyneceorum, form the first 
recorded publication of scientific work by any organization. It was their un- 
realized plan to form ‘‘scientific, non-clerical monasteries’’ for cooperation in 
science throughout the world. This scheme foreshadowed the plan of Sir 
Francis Bacon for an elaborate scientific institute as detailed in his “Salomon’s 
House.” The importance of Bacon’s marvelously deseribed Utopian model for 
scientific societies was immense, even had it done nothing except influence the 
founders of the Royal Society of London. It is noteworthy that three centuries 
elapsed before the practical application of world-wide scientific cooperation 
could be realized in the activities of the International Geophysical Year. 

The Accademia dei Lineei disappeared soon after the death of Cesi its 
patron. Not until 1657 was the famous experimental society, the Accademia 
del Cimento, called into being by the two Medici brothers, the Grand Duke 
Ferdinand II and Leopold. For the 10 years of its existence, this group of 9 
men labored diligently on a variety of experimental problems, publishing their 
results in books notable for submerging the individual identity of the workers. 
Although this was acceptable to such men as Francisco Redi and the remarkable 
Dane, Steno, one of the more famous members, Borelli, revolted against this 
anonymity and published many papers independently of the society’s transac- 
tions. Partly as a result of Borelli’s bickering and more definitely because 
Prince Leopold withdrew from scientific pursuits when he was made a cardinal, 
the society was discontinued in 1667. 

In contrast to these important but relatively short-lived societies is the 
remarkably durable Royal Society of London for the Improving of Natural 
Knowledge. This organization was incorporated by royal charter nearly three 
centuries ago, but its beginnings antedate its formal incorporation by some 15 
years. 

During this preliminary period, the prospective members met regularly 
under the guiding spirit of Robert Boyle, who referred to the group as “The 
Invisible College.” These regular and productive scientific gatherings, even 
without a formal organization, bespeak the spontaneity and vigor which in- 
fused the Royal Society from the start. In contrast, the early Italian academies 
were called into being by an external foree, and their continuance depended 
upon the support of their patron, rather than on intrinsic vigor of the 
membership. Certain other factors contributing to the permanence of the 
Royal Society will be apparent as we turn from the origins of scientific 
societies to consider their organizational pattern. 

The pattern of a society is determined by its aims and objectives and is 
reflected in its constitution and bylaws. The constitution and bylaws repre- 
sent the desires of the founders only at the time that the original document 
is inscribed. Constitutional modification may be expected due to alteration 
in the attitudes of the founders or change in personnel of the governing body. 
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While the founders themselves may alter the constitution in response to 
external influences, they are less likely to do this than are newcomers to the 
organization, since a change hints at lack of perspicacity in the founders. 
With the advent of new members, the activities of the society and even its 
basic objectives may be submitted to reappraisal or radical alteration. If 
such alterations are accepted, they may endow the society with fresh vigor; 
if rejected, they may be a portent of decline or of replacement by an organ- 
ization with greater adaptability. 

Consider the objectives of scientific organizations. Their most commonly 
stated objective is the advancement of science. They may do this by research, 
by education, or by coordination of otherwise scattered efforts. In addition 
to their scientific activities there may be a large social aspect in their com- 
position, giving rise to their designation as a ‘‘elub.’’ The club concept 
carries strong emotional implications which at times may be harmful to the 
scientifie objectives of the organization. 

The permanence of a scientific society may be correlated with the breadth 
of its aims. The Royal Society of London, which will celebrate next year its 
tereentenary, has as its broad aim ‘‘the improving of natural knowledge.’’ In 
contrast to this broad objective is the narrow and specific purpose of one late 
nineteenth-century society whose entire activity was indicated by its original 
name—The Association for Maintaining the American Women’s Table at the 
Zoological Station at Naples.? After 19 years this specificity of purpose was 
broadened as reflected in a change of name to the Association to Aid 
Scientific Research by Women. Even with this expanded field of activity, the 
need for the society was constantly diminished, as equal opportunity for women 
in science became the rule. Recognizing this change, the Association voted to 
disband in 1928. 

The early decline of a society may result not only from too narrow an 
objective, but also from aims that are diffuse and impractical at the time of 
their proposal. This doubtless played a part in the abortion of an Inter-Allied 
Fellowship of Medicine projected by Sir Arbuthnot Lane and others to bring 
about a closer union of the English-speaking peoples through the medium of 
the medical profession. This laudable plan, which has since been revived in 
other forms with some success, was conceived during the turmoil at the end of 
World War I and died in utero for lack of real enthusiasm and financial 
support. 

We will not concern ourselves here with the finances of scientific societies 
except as they relate to another important consideration in such organizations— 
the number of members. A very large membership may increase the financial 
and intellectual resources of a society, but at the same time it restricts the 
opportunity for free and informal interchange of ideas. 

Hence the size of the society must be carefully adjusted to its objectives 
and methods of procedure. In a small society, such as Benjamin Franklin’s 
famous Junto, the objective was indicated by Franklin’s characterization of 
the organization as ‘‘A Club of Mutual Improvement,’’ designed to produce 
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‘*.. queries on any point of Morals, Politics, or Natural Philosophy.’’ These 
were to be discussed intensively by the members of the club, with a view to 
full exposition and consideration of each member’s opinion. Obviously this 
was possible only in a small group and for a long time Franklin refused to 
consider enlargement of the club. However, his natural shrewdness and his 
perceptive appraisal of historical trends led to the gradual merger of his 
revived Junto with the American Philosophical Society, a larger group with 
strong early resemblance to the Royal Society of London, and with a similarly 
durable constitution that has sustained it for more than 200 years. 

The size of a society is closely related to its technique for electing new 
members. This may inelude such rigid standards and unrealistic specifications 
that only a few can qualify for consideration. If these candidates are then 
severely examined by an admissions committee, the society will remain small 
even in the absence of numerical restrictions. On the other hand, admission 
may be practically automatic if certain simple qualifications are met. This may 
lead to a huge organization restricted only by the available supply of candidates 
and the mortality of the members. 

When certain fairly strict qualifications must be met before accepting a 
person for consideration, the field of candidates narrows as their quality 
improves. In a society such as our own, the selection committee faces a grind- 
ing problem. The upper millstone is the numerical restriction of membership 
while the nether stone is the group of superb applicants. This pressure may 
be lessened by upward revision of the numerical limitation, but such revisions 
‘annot be repeated indefinitely without trespassing on the constitutional 
provision that ‘‘free and informal interchange of ideas will be made possible 
by a limited membership and common aims.” We shall return later to the 
problems of the admissions committee which is clearly defined but not easily 
soluble by any simple formula. 

The ultimate decision on election to membership lies in the hands of the 
members at large even when the basie selection of candidates is in the hands of 
a committee. In our own organization, the affirmative vote of four-fifths of the 
members present and voting constitutes election. In organizations which 
require unanimous or nearly unanimous assent of the membership, one recog- 
nizes the ascendancy of the ‘‘elub’’ concept which opens the way to personal 
considerations permitting rejection by a small group and threatening the 
objective consideration of properly qualified candidates. In these cireum- 
stances, the scientific character of the society is on a shaky foundation. 


. 


A somewhat less important but still vexing problem is the selection of 
the society’s governing body. An interesting and still pertinent treatment 
of this subject was presented by Akins' nearly 50 years ago. After a question- 
naire to the secretaries of every learned society listed in the World Almanac, he 
was able to arrange the methods of electing officers to scientific societies into 
nine general categories. They ranged from the mechanism of a nominating 
committee appointed by the president to a plebiscite conducted by mail. The 
plebiscite technique is extremely democratic but incredibly complex, while 
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the presidentially appointed nominating committee is efficient but un- 
democratic, since it tends to perpetuate the government of the society in the 
hands of a restricted few. Some of the secretaries of societies employing 
this latter method had interesting comments such as ‘‘the slate is always 
elected’”’ or ‘‘the secretary casts a ballot and there is never a grumble.” 

Between these two methods lie many other excellent procedures, one of 
which constitutes the nominating committee of those members who reach 
seniority in the year they are impaneled. Over the years this will insure the 
triumph of democratic processes and will avoid the possibility of institutional 
or geographie nepotism. 

Turning from the origin and organizational pattern of scientific societies, 
let us look at some of the standard influences which come to bear on their 
development. First is the passage of time. Obviously enough, as the originators 
of the society get older there is a change in their viewpoint toward everything, 
including the figure at which middle age begins. Having established in their 
youth an age limit of 45 for attainment to seniority, they may be convinced 
in the maturity and vigor of their forty-fourth year that the possibility of 
governing the society should not be withdrawn at the early age of 45 and may 
suggest 50 years as the time for ineligibility to hold office. It is to the credit 
of this organization that it has successfully resisted efforts to shift the 
temporal axis of its government toward the declining years. 

Another internal foree for change is the attitude of new members. Reared 
in a different fashion and perhaps in another generation, they may be partially 
ignorant or intolerant of the society’s original concepts. 

In addition to the internal forees which tend to modify the course of the 
society, there are important external influences. One is a general change in 
world attitudes, exemplified by the increased tolerance for women in research 
which rendered unnecessary the Association to Aid Scientific Research by 
Women. 

Another is a general hostility to unorthodox views, which caused the 
collapse of certain early Italian societies. The destructive effect of loss of 
dueal patronage has already been mentioned. The rise of competitive societies 
is an obviously important influence which may lead to improvement or to dis- 
solution of the original group. 

It is difficult to consider the activity of scientifie societies at present 
without some comment on intersociety cooperation. The varieties of associa- 
tion are numerous varying from the junction of one society with another as 
equals to the merger in which a large society absorbs a smaller, name and 
all. Then there is union of societies on the federation principle in which 
each society maintains its own identity. Societies may be combined ‘‘hori- 
zontally’’ by reason of their attention to the same subject as in the American 
Medieal Association which joins state and local medical societies into one 
national organization. There may be ‘‘vertical’’ combination with an associa- 
tion of societies devoted to different subjects. The National Research Council 
illustrates such a federated group of societies devoted to different aspects of 
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science. This permits cooperative work but avoids interference in the govern- 
ment of the individual society. We may see both “horizontal” and “vertical” 
federations combined, as in the American Association for the Advancement of 
Seience. Comprising more than 250 independent scientifie groups with an 
aggregate membership exceeding 2,000,000, this is the world’s largest scientific 
organization. 

We can only mention the relation of government to scientific societies, 
beginning in this country with the National Academy of Sciences at the time 
of the Civil War and extending up to the present when the National Institutes 
of Health competes with the National Research Council as a directing agency 
for vast research activities. 

High in the organizational stratosphere and defying easy delineation of 
their interlocking roles are the World Health Organization (WHO) and the 
United Nations Educational, Scientific, and Cultural Organization (UNESCO), 
together with their important offspring, the Couneil for International Organiza- 
tion in Medical Science (CIOMS). And finally, as the coordinator for all of the 
intergovernmental agencies, international unions and member countries is the 
International Council of Scientifie Unions (ICSU), which requires a diagram 
for its comprehension. 

At present, the Society of University Surgeons is not affiliated with any 
of the coordinating groups just mentioned. Its origins and current role in 
American surgery were reviewed by Dunphy in his delightful and stimulating 
presidential address before this Society 5 years ago. 

The object of the Society of University Surgeons is the advancement of 
the art and science of surgery by research, teaching, and free discussion of 
research and teaching within a limited membership. The training background 
of the members was originally specified quite rigidly but requirements have 
been liberalized by the Lockwood Amendment so that we can now concentrate 
more properly on what a candidate is than on how he arrived at his present 
state. 

In the constitutional secton on qualification for nomination, the greatest 
emphasis is placed on the promise of a successful career in academic surgery 
or a continued productive interest in academic surgery. These stipulations 
bring us to grips immediately with the pressing practical problem that has 
vexed the Executive Council from morning till night on many a Wednesday 
preceding the second Friday in February—how shall we pick the best candi- 
dates? I have indicated that the deliberation extends over but one day and 
involves only the Executive Council. Actually the compilation and assessment 
of data on the candidates is the province of every member of the Society, and 
the deliberation of each Council member over the data on the candidates begins 
long before he sits down on Wednesday to select a maximum of 25 men from a 
group which may be triple that number. 

To estimate “promise” is a difficult task, and to define a “successful career 
in academie surgery” would involve us in a discussion of the criteria for success 
in any career. . 
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Far too often the “promise” of academic success is equivalent to “those 
publications in which the candidate’s name has already appeared.” The “con- 
tinued productive interest” suggests those additional publications which are 
now in press or are being planned if the money is allocated by the government 
agency. Everyone agrees that a man with 40 publications is not necessarily 
twice as good as the man with 20. However, in many a race for position, the 
man with 20 papers is on the defensive against his competitor with a longer 
bibliography. To search out the true significance of a man’s research activity 
after reading over a bibliographic list is an art that merits much longer con- 
sideration than is possible here. 

If it is hard to quantitate a man’s competence in research by even the most 
eritical assessment of his bibliography, how much more difficult is the estimate 
of his worth in teaching and practice. Indeed, by what criteria shall we grade 
teaching and practice? Shall we gather punch-card data on the hours spent 
in teaching, with appropriate boxes for recording popularity with students? 
And shall we list the major and minor operations during the preceding year 
with additional points for unusual procedures and for low hospital mortality? 
Obviously, on most candidates we have a paucity of data in this area. More- 
over, these data are usually imponderable and always insusceptible to exact 
comparison with the same data for other eandidates. In frustration, we are 
driven back to the realms of bibliography. 

An obvious and simple solution lies in admitting everyone who is tech- 
nieally qualified. Since this is impossible under present numerical restrictions, 
the members should consider seriously what constitutes an upper limit of 
membership which will retain the desirable aspects of the Society while provid- 
ing places for entry of the best young men available. Possibly this desirable 
limit has been set by the figure of 175 resulting from the Varco Amendment. 
But the pressure of applications from splendid young men should make us 
eager to re-examine our constitutional provisions. Already the initiation of 
a conclave for surgical residents, originating appropriately enough from 
Rochester, New York, has thrown into relief the period between completion of 
residency and the thirty-seventh year which is now the average age of applicants 
to this Society. 

Indeed there are 16 applicants this year who have passed their fortieth 
birthday and one excellent man who, should he be admitted, would become a 
senior member in 6 months. I cite this instance not in a pejorative spirit, but 
as a pretace to the rhetorical question of our need for a group of regular 
candidates, senior candidates, and junior candidates. One of my younger asso- 
ciates has suggested that such junior candidates might constitute a Society of 
University Dog Surgeons. 

As I stated at the onset, I have outlined in this address the nature and 
purpose of the Society of University Surgeons against the historical back- 
ground of other scientific organizations. I admit to some discouragement in 
having focussed on certain problems without producing a picture of their 
solution. However, I am heartened by the conviction that our most pressing 
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internal problem—the orderly addition of excellent, young university surgeons— 
will continue to be handled seriously and judiciously with the understanding 
cooperation of the entire membership. In this way we can be sure that our 
organization will not enter the melancholy catalogue of those scientific societies 
that have fallen or declined because they misjudged their historical position. 
Rather it will be our challenge and continuing achievement that the Society of 
University Surgeons shall enjoy increasing influence in advancing the art and 
science of surgery. 

The volumes of Ornstein? and Bates? furnish an essential starting point for any 


investigation of scientific societies. I have leaned on them heavily for data, references, 
and interpretation, 
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PITUITARY-ADRENAL RESPONSE FOLLOWING TRAUMA 
TO THE ISOLATED LEG 


RicHarp H. Eepaui, M.D., Pu.D. (By Inviration), RicHMonp, VA. 


ie paonieigehe trauma and burns are strong stimuli to increased adrenal 
cortical secretion. It is well established that the increased secretion of 
cortisol-like steroids is dependent on release of pituitary ACTH following the 
stimuli. The mechanisms by which operative trauma or burns lead to increased 
secretion of ACTH from the pituitary are the subject of controversy at the 
present time. 

C. N. H. Long®* has shown that peripheral nerve stimulation in rats 
results in adrenal ascorbie acid depletion, an indirect index of increased 
adrenocortical activity. Egdahl and Richards"! have demonstrated that periph- 


eral nerve stimulation leads to an inereased output of 17-hydroxycorticoster- 


oids in adrenal venous blood of the dog. The experimental evidence seems 
clear-cut that peripheral nervous stimulation results in ACTH secretion. 

Gordon'’® found that burns on de-afferented extremities of rats failed to 
result in the usual adrenal ascorbie acid depletion. He found, however, that 
severe scalds did give ascorbic acid depletion, even when the stimulus was 
applied to the de-afferented extremity. As a result of these findings, he 
hypothesized the production of a substance in the burned area which passed 
by the blood stream to the central nervous system, thereby resulting in ACTH 
secretion. It was thought possible, therefore, that an extranervous mechanism 
was called into play with severe trauma. Any such theory would seem to be 
dependent upon the production in the wounded area of a ‘‘wound hormone’’ 
of some kind, which could then activate the pituitary-adrenal axis. Although 
there is an abundance of evidence demonstrating the production of toxic 
factors in traumatized areas, it has never been shown that such substances 
have pituitary-adrenccortical stimulating properties. 

The present study was undertaken to determine the validity of the ‘‘ wound 
hormone’’ theory as applied to adrenocortical function. Recent introduction 
of techniques which make it possible to obtain intermittent samples of adrenal 
venous blood in the unstimulated animal,”* in addition to the development of 
chemical methods for determining the adrenocortical hormones,*” provides a 
methodologic foundation for testing the ‘‘wound hormone’’ theory. By studying 
the adrenocortical responses of dogs with innervated and denervated ex- 
tremities which are subjected to burns or operative trauma, this ean be ac- 
complished. 


Read at the Twentieth Annual Meeting of the Society of University Surgeons, Denver, 
Colo., Feb. 12-14, 1959. 
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MATERIALS AND METHODS 


Healthy adult mongrel dogs ranging in weight from 10 to 20 Kg. were used in these 
experiments. Anesthesia for both the original surgical procedures and for the burn 
experiments was intravenous Nembutal, 30 mg. per kilogram. Cannulation of the right 
lumbar adrenal vein was performed according to the technique of Hume and Nelson.*% 
With this technique it is possible to obtain intermittent samples of adrenal venous blood in 
a manner which will not stimulate the animal. 


In the same animals with adrenal vein cannulae, operations were performed on a 
lower extremity. At the mid-thigh, just above the take-off of the profunda femoris artery, 
complete transection of all leg structures was performed, leaving the femoral artery, 
femoral vein, and sciatic nerve intact. Bleeding points were clamped with hemostats 
and tied with 4-0 eotton, and the femur was transected with a Gigli saw. Medullary 
hemostasis was effected with bone wax. Careful stripping of the artery and vein was 
performed in order to completely transect all sympathetic nerves traveling in the peri- 
adventitial tissue. In some experiments the sciatie nerve was transected, leaving the leg 
with only an artery and a vein. In the others, an umbilical tape was passed around the 
nerve and brought out through the incision. After the preparation had been completed, 
muscular and fascial structures were reapproximated using interrupted 4-0 chromic catgut. 
Careful attention was given to hemostasis in the raw muscle surface and a running catgut 
suture was used for the skin. The umbilical tape around the nerve was carefully brought out 
through a hole in the plaster cast, which was placed around the operated area and extended 
from the knee to the groin and passed around the body of the animal. This resulted in 
complete immobilization of the operated extremity. The cast was removed and repositioned 
in only a few instances in which the dorsalis pedis pulse was not palpable after the original 
casting. Usually a moderate amount of postoperative edema occurred in the isolated leg, 
but this tended to decrease after 3 to 4 days. In no instance in this series of experiments 
did the edema of the isolated leg become severe enough to cause pressure obstruction of 
the artery. 

The day after adrenal vein cannulation and isolated leg preparation, the animals 
were again anesthetized. In the chronie experiments, adrenal vein cannulation was per- 
formed the day before the leg was burned. Several control samples of adrenal venous 
blood were obtained. Usually collections were taken for a period of one minute, although 
collection times of one-half minute were occasionally used when adrenal venous blood flow 
was exceedingly high. Adrenal venous blood content of 17-hydroxycorticosteroids was deter- 
mined by the method of Nelson and Samuels.32 After control samples had been obtained, 
the lower portion of the isolated leg was burned by the use of a heat lamp held just above 
the skin for 5 minutes. Quite uniform third degree burns, at least 25 cm.2 in area, resulted 
from this technique. In some instances, burning was preceded by the scapel excision of a 
piece of skin approximately 9 em.? in size. Frequent samples of adrenal venous blood were 
obtained immediately after the burn and for 1 to 2 hours thereafter. Most of the animals 
with intaet nerves in the extremities responded to the burn with an increase in respiration 
and inerease in blood pressure ranging from 10 to 40 mm. in those experiments in which 
blood pressure was measured. Rectal temperatures were obtained by means of telether- 
mometers. After obtaining samples for from 1 to 3 hours in the animals with burned 
innervated extremities, the nerve was severed with a scapel. Adrenal venous blood samples 
were obtained at frequent intervals following severance of the nerve and throughout the 
course of reburning the isolated extremity. 

At this juneture one of two procedures was performed. In the first, the normal 
hindleg was burned in a manner similar to that previously described for the isolated leg. 
Samples of adrenal venous blood were collected according to the same schedule as outlined. 
In the other, either ACTH or endotoxin was injected interdermally or subcutaneously in the 
burned extremity without nerves. ACTH (25 units) was used for this purpose, or i ¢.c. of 
Escherichia coli endotoxin of the Boivin type containing 0.1 mg. per cubic centimeter of 
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endotoxin.* Injections were performed using a 1 e.c. syringe with a No. 27 needle. After 
collecting several samples of adrenal venous blood following administration of ACTH or 
endotoxin in the isolated leg, 25 units of ACTH was given intravenously. Adrenal venous 
blood samples were obtained 5 and 10 minutes after the intravenous ACTH. With this 
routine, any previous adrenocortical responses could be contrasted with the maximum 
response expected from the intravenous administration of a large dose of ACTH. 

In those experiments in which burning was performed more than 7 days after leg 
transection, India ink was injected in a subeutaneous lymphatic of the extremity. The leg 
was warmed by warm water immersion, and surgical incision revealed the presence of dilated 
lymphatie channels. India ink (10 ¢.c.) was injected into one of these dilated channels, 
and inguinal and abdominal lymph nodes were removed shortly after injection. Lymph 
nodes were sectioned and examined for appearance of the India ink. At the termination 
of the experiment, sections were taken of the artery and vein and fixed in 10 per cent 
Formalin. Standard histologie procedures were followed in preparation of these tissue 
sections, and hematoxylin and eosin staining was made of longitudinal sections through 
the vessels. No nerves were observed in the sections. 

RESULTS 

The following results are based on 13 experiments performed in dogs 
with the isolated leg preparation. Experiments are divided into three sections, 
the first dealing with dogs in which the nerve was initially transected before 
‘burning, the second in which the nerve was transected after a burn, and a 
third group in which the animals were burned 14 or more days after the original 
operative procedure in which all structures in the leg were divided except the 
artery and vein. A total of 22 isolated leg preparations were made in this 
study. The criteria which appeared necessary for an adequate experiment 
included: continued presence of pulsations in femoral artery, significant adreno- 
cortical response following the injection of ACTH or endotoxin in the isolated 
leg, and significant adrenocortical response following burns of the normal leg 
when these were performed. Of the 22 dogs, 13 fulfilled these criteria, and 
detailed presentation of representative experiments in each of the three groups 
is given in the figures. Protocols of other experiments in each group are very 
similar to the illustrated examples. Reetal temperatures ranged from 36° to 39° 
C. and did not vary more than one degree during the course of the experiments. 

Group 1. Experiments Performed 1 or 2 Days After Isolated Leg Prepa- 
ration, Nerve Transection at Original Procedure.—After several control venous 
blood samples for corticoids were obtained, the isolated denervated leg was 
burned for 5 minutes as deseribed previously. As can be seen in Fig. 1, there 
was no change from basal levels of adrenal venous steroid output following 
the burn. In addition, there were none of the usual systemic reactions to 
burns. After an appropriate time interval, the normal hindleg was burned in 
the standard fashion. There was an immediate increase in adrenocortical 
secretion to maximal levels, with accompanying systemie reactions. A similar 
experiment was performed in the animal illustrated in Fig. 2. Again a burn 
of the isolated, denervated extremity led to no adrenocortical response. Surgical 
incision was then performed on the normal leg, with elevation in adrenal 
venous corticoid output to submaximal levels. Burning of the previously 


*Obtained through the courtesy of Drs. Wesley W. Spink and James C. Melby. 
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incised normal leg resulted in a further increase in adrenal steroid output to 
maximal levels, and these levels stayed elevated for several hours. It can be 
seen from this experiment that the excision of a piece of skin appears to 
represent a weaker stimulus to ACTH release than a severe burn. 
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Fig. 1.—Burn of the isolated denervated leg resulted in no increased adrenocortical secretion. 


When the normal leg was burned in a similar fashion, a maximal response occurred. 
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Fig. 2.—Surgical incision and burn of the isolated denervated leg was 
causing adrenocortical stimulation, surgical incision of a normal leg resulted 
cortical response which was not maximal. When the normal leg was burned 
sponse took place, as shown by no further increase in corticoid output after exogenous ACTH. 

In another dog in this series, the isolated leg without nerves was incised 
and burned with no adrenocortical response as illustrated in Fig. 3. At this 
juncture an injection of 1 ¢.c. of endotoxin was made subcutaneously just above 
the burned area in the isolated leg. A maximal adrenocortical stimulus oe- 
curred as a result of the endotoxin administration although the response was 


not immediate. 
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There were 7 animals in this group of experiments and in two of these 
endotoxin was injected subcutaneously after burning. In both, a maximal 


adrenocortical response was obtained approximately 30 minutes after the 
injection. 
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Fig. 3.—Surgical incision and burn of the isolated denervated leg did not lead to pitui- 
tary-adrenal activation. The administration of endotoxin resulted in a near-maximal adreno- 
cortical response. This demonstrates two features: vascular absorption of the endotoxin and 
an intact ACTH-releasing mechanism in the animal. 
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Fig. 4.—A normal maximal adrenocortical response occurred following burning of the 
isolated leg with intact sciatic nerve. There is a rapid fall of corticoid output when the nerve 
is severed, and failure to obtain adrenocortical response when the now denervated leg was 
burned again. Subcutaneous injection of ACTH demonstrated adequacy of vascular absorption 
by giving an immediate maximal corticoid response. 


Group 2. Experiments Performed 1 or 2 Days After Isolated Leg Prepa- 
ration, Nerve Intact.—There were 3 animals in this group of experiments in 
which the sciatic nerve was left intact at the original procedure. Fig. 4 shows 
the pattern of adrenocortical response to burning of an animal in this group. 
The burn resulted in an immediate and maximal increase in output of steroids 
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from the adrenal gland. At the peak of this response the nerve was severed. 
Over the next 30 minutes, adrenocortical secretion fell back to basal levels. 
After an appropriate time interval the isolated and now denervated leg was 
reburned. In marked contrast to the maximal adrenocortical stimulation 
evoked in the leg when nerves were present, there was no adrenocortical re- 
sponse to burning. Subeutaneous injection of ACTH into an area of the 
denervated extremity just above the burn resulted in an immediate increase 
of adrenocortical secretion to maximal levels, thus demonstrating adequate 
absorption capabilities in this extremity. The rapid fall-off in adrenocortical 
secretion following nerve transection is in contrast to the continued high levels 
of adrenocortical seeretion observed in those burned animals whose nerve is 
left intaet following burning. 
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Fig. 5.—Similar to Fig. 4. Demonstrates that adrenocortical response to burns disappears 


when leg is denervated, although vascular absorption is intact. 


A similar experiment to that illustrated in Fig. 4+ is shown in Fig. 5. Here 
again the isolated leg with intact nerves was burned and a normal maximal 
eorticoid response followed. After severance of the nerve, levels of corticoid 
secretion rapidly fell to basal values and reburning did not result in an adreno- 
cortieal stimulus. It has previously been shown in our laboratories that re- 
burning of innervated extremities after the original adrenocortical stimulus has 
worn off again results in a maximal adrenocortical stimulus. Injection of ACTH 
subeutaneously in the denervated extremity of the dog in Fig. 5 resulted in an 
immediate and maximal adrenocortical response. In one experiment of this 
series the ACTH was injected intradermally and a prompt adrenocortical re- 
sponse occurred. All animals in which the nerve was transected after burning 
had a fall-off of adrenal secretion to basal levels within one hour after nerve 
transection, and all failed to get adrenocortical responses upon reburning. All 
animals with innervated extremities responded to the burns with the systemie 
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manifestations previously described; whereas, such reactions did not oceur after 
denervation. Throughout this whole series of experiments moderate or marked 
hemolysis of the blood was observed following burning both the innervated and 
denervated extremities. 


Group 3. Experiments Performed 14 to 21 Days After Isolated Leg 
Preparation, Nerve Transected at Original Procedure.—There were three ex- 
periments in this group, which was set up to determine the importance of 
lvmphatie continuity, if any. At the end of 2 weeks postoperative edema of the 
denervated isolated leg had completely subsided, normal arterial pulsations were 
felt in the extremity and although a plaster cast was kept around the operative 
site, the dogs appeared to be little disturbed by their legs. At this time the 
animals’ adrenal veins were cannulated and the following day they were anes- 
thetized. The isolated, denervated leg was burned in the standard fashion, and 
no response was obtained. Subcutaneous ACTH injection was then performed 
and Fig. 6 shows that a rapid and maximal adrenocortical stimulation occurred. 
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Fig. 6.—Experiment in which adrenal vein cannulation was performed 21 days after 
he was bucacd, wile uo aiconesertiiad Sonieaee Politing.  Messent shoseeaan aamauenne 
were shown by the rapid response to subcutaneous ACTH, and lymphatic connections across 
the previously transected leg were shown by India ink injections. 

It thus appeared that the dog with the chronic isolated denervated leg did not 
respond to severe thermal trauma with an adrenocortical response. India ink 
injection of the lymphatics was performed as deseribed previously, and ex- 
amination of the abdominal and inguinal lymph nodes revealed the presence 
of large quantities of India ink. Large and small lymphatie channels could be 
seen passing across the previously severed muscular and fascial areas, and 
channels in continuity were filled with India ink across the operative site. It is 
clear, therefore, that adequate lymphatie drainage had been re-established in 
these chronic leg preparations and that intradermal and subcutaneous injec- 
tions of materials in these legs passed rapidly via subeutaneous lymphaties into 
inguinal and abdominal lymph nodes, and from there into the systemic cireula- 
tion. One animal in this series was not anesthetized for the burn, inasmuch as 


the extremity was denervated and no signs of systemic reaction had previously 
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been observed in such animals. There was no adrenocortical response to burn- 
ing of the denervated extremity and the animal appeared unaffected throughout 
the procedure. A subcutaneous injection of ACTH in the denervated extremity 
of this animal resulted in an immediate and maximal adrenocortical response. 


DISCUSSION 

The experiments described appear to provide strong evidence to support the 
conclusion that the pituitary-adrenal activation following burns or operative 
trauma is dependent upon peripheral nerve impulses from the damaged area. 
The data of this study provide no support for the concept that there is a sub- 
stance produced locally in the wounded area which either directly or indirectly 
results in ACTH release. The rapid adrenal response which follows the subeu- 
taneous administration of ACTH in the isolated denervated leg gives some 
indication as to the speed of vascular absorption of substances in this leg. It 
has previously been shown that the response of the pituitary-adrenal axis of 
the dog to intravenously administered endotoxin is somewhat delayed.* °° When 
endotoxin was injected in the isolated denervated leg, an adrenocortical re- 
sponse followed, which in magnitude and time relationships was identical to 
that obtained in control injections in normal extremities. It has been clearly 
demonstrated by Wise and his co-workers** that there is an appreciable and 
quite rapid absorption of both small and large molecules from large soft tissue 
wounded areas. It would, therefore, appear that a failure to obtain adreno- 
cortical response following burning of denervated, isolated extremities can be 
attributed to the lack of production of a pituitary-adrenal axis stimulating 
substance. 

It has been shown that the isulated, denervated leg does not have lymphatie 
channels connecting the two portions of the leg for about 4 days following 
operation.** Accordingly, seme experiments of this investigation were earried 
out in order to allow full lymphatie regeneration. The response to burns in 
these dogs with isolated, denervated legs 2 or 3 weeks after the initial pro- 
cedure, at a time when adequacy of lymphatic connection between the proximal 
and distal extremity was clearly shown, was the same as in animals in which 
no lymphatic channels were present. It would appear, therefore, in the pres- 
ence of adequate vascular and lymphatie channels no pituitary-adrenal activa- 
tion results after operative trauma or severe burns to the extremity without 
nerves. 

The rate of decline of adrenocortical secretion following severance of the 
nerve after burning is of interest. The usual pattern of adrenocortical response 
after burns is for the levels to remain elevated for 60 to 120 minutes. After 
the nerve has been cut, however, the adrenal venous corticoid outputs per minute 
fall rapidly to basal levels within 20 to 45 minutes. It seems probable that 
there is continued activation of peripheral nerves for considerable periods of 
time after severe thermal injury. The burns produced in this study were all 
third-degree, with easy separation of the full thickness of charred, destroyed 
skin from subeutaneous tissues. 


—— 
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In 1950 Hume and Wittenstein®’ reported that dogs with spinal cord 
transection at C-7 failed to respond to operative trauma with eosinopenia. In 
1953 Hume?! reported that operative trauma and mild burns were ineffective in 
causing eosinopenia in cord-sectioned dogs. However, severe thermal burns 
did result in eosinopenia, although of less magnitude than that observed when 
an innervated extremity was comparably burned. It is possible that the eosino- 
penia observed in Hume’s spinal cord-sectioned dogs with burns of the extremity 
were caused by the manipulation attendant on immersing the burned leg in hot 
water. 

Gordon’s studies’® on rats, in which severe scalds of denervated, deafferented 
extremities result in adrenal ascorbie acid depletion, appear to offer evidence 
for a ‘‘wound hormone.’’ However, Gordon did not divide all of the nerves 
in the extremity and it is very likely that severe scalds resulted in activation 
of some of the smaller nerve radicals present in the depths of the extremity. In 
our early studies on the isolated leg preparation it was found that failure to 
strip the small nerves which travel with the major blood vessels resulted 
in a preparation which would respond to severe burns. Anderson and ¢o- 
workers' have demonstrated an increase in urinary steroid excretion following 
spinal cord transection in dogs. Increased urinary steroids in such experiments 


‘may be explained on other bases than inereased secretion of ACTH and are 


more likely due to metabolic alterations following the procedure. 

The pituitary transplantation experiments performed by several groups 
of workers superficially seem to provide a basis for accepting the possibility of 
a ‘‘wound hormone.’’ Cheng and co-workers? demonstrated that pituitary ex- 
plants to the anterior chamber responded to histamine with an ascorbie acid 
depletion of the adrenal cortex, and MeDermott and co-workers showed a re- 
sponse of such transplant to epinephrine.?® Fortier’: '° confirmed these find- 
ings and hypothesized two mechanisms for ACTH release, the one founded on 
peripheral nervous impulses and the other on humoral agents which directly 
activate the pituitary. It is interesting that the studies of both Cheng’s group 
and Fortier utilize histamine as a pituitary stimulant. Hume has shown that 
this substance is a very effective ACTH releasing agent, which occasionally has 
an ACTH-like effect in the absence cf the pituitary.”° 

It is clear in the isolated denervated leg, at least, that net enough histamine 
or epinephrine is liberated following severe burning to cause ACTH release or 
adrenocortical secretion. This is further verified by studies of adrenal venous 
blood which reveal that the significant increase in catechol amines which may 
oceur after burning anesthetized animals is prevented by denervating the leg 
or spinal cord section.* Harris's has emphasized the fact that the anterior 
pituitary transplant remains functional in maintaining adrenal weight and 
body weight when transplanted into areas of hypophyseal portal drainage but 
fails to maintain these functions when transplanted elsewhere, and he empha- 
sizes that the data of other workers in pituitary transplantation bear this out. 
It ean be concluded as a result of the pituitary transplantation studies that 
the transplant can respond to drugs such as histamine and epinephrine in high 
concentrations, but there is nothing in these experiments to indicate the pro- 
duction of a ‘‘wound hormone’’ in a traumatized area.*’ 
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It has been suggested that the circulating blood level of adrenocortical 
hormones is a major factor in the control of ACTH release by the pituitary.** 
That this is probably not an essential factor in the ACTH release following 
nervous stimulation is the demonstration that the maintenance of high levels 
of 17-hydroxyeorticosterone does not prevent the increase in adrenocortical 
secretion following stimulation of a peripheral nerve.’' Another theory which 
has been advocated for the mechanism of ACTH release following trauma is 
concerned with epinephrine release. Hume has shown that totally sympathee- 
tomized dogs react to operative trauma with eosinopenia.?’ In addition, he has 
found that epinephrine and norepinephrine are ineffectual as adrenocortical 
stimulants in the intact dog.*° The experiments of Gordon’? seem to demon- 
strate that adrenal demedullated rats respond normally to operative stress with 
ascorbie acid depletion. 

The results of this study indicate that severe thermal trauma results in 
the stimulation of peripheral nerves and that impulses from the nerves pass 
up the spinal cord to higher brain centers. Experiments on spinal cord section 
and medullary section dogs will be reported in a separate communication,’ but 
such pathways are essential for adrenocortical activation following peripheral 
trauma. After nervous impulses reach the medulla, the pathways leading to 
ACTH release by the pituitary are incompletely elucidated. Recent work in 
our laboratory shows that the ‘‘isolated pituitary’’ dog’ ° °—an animal with 
brain removed down to the pituitary and transection of brain stem at the level 
of the inferior colliculus—often responds to operative trauma with inereased 
adrenal venous steroid output. In addition such ‘‘pituitary island’’ dogs have 
high resting adrenal venous blood corticoid outputs. Therefore, although the 
hypothalamus clearly plays an important role’ ** ** ** ?* in either the produe- 
tion or release of ACTH under normal circumstances, it is possible that an 
area in the central nervous system between medulla and mid-brain produces a 
neurohumor which ean result in ACTH release. Indeed, it is difficult to satis- 
faetorily interpret adrenocortical response to trauma in the ‘‘isolated pituitary’’ 
dogs in any other way. 

Hume** has demonstrated that pituitary stalk section will not affect the 
eosinopenie response to operative trauma in the dog although it does appear to 
markedly decrease ACTH release following operative trauma in the monkey.?° 
Fortier and co-workers" have recently found that rabbits with pituitary stalk 
section fail to respond to immobilization or to cold exposure with lymphopenia, 
whereas, the same animals retain the lymphopenic response following epinephrine 
or laparotomy as stimuli. They suggest that there are two types of environ- 
mental stimuli, the one acting through the central nervous system and the other 
‘‘mediated through various humoral changes (such as variations in the level 
of circulating adrenal cortical hormones or the discharge of adrenaline or hista- 
mine) acting either independently or concurrently on the pituitary to elicit the 
release of ACTH.’’ Results of the experiments on the dog with the isolated leg 
strongly emphasize the essentiality of peripheral nervous impulses in the adreno- 
cortical response to operative trauma. These findings seem to disprove the 
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hypothesis of Fortier and associates which states that laparotomy belongs to the 
humoral group of stimuli. Although some type of central nervous system neuro- 
humor probably is involved in the ultimate release of ACTH from the pituitary 
after laparotomy, its production is dependent on intact nervous pathways ex- 
tending from the traumatized area at least up to the high medulla. 

A large number of agents have been assessed as adrenocortical stimuli in 
our laboratory. They can be divided into three groups: one in which a high 
central nervous system component appears to result in ACTH release (fear, 
anxiety), another in which peripheral nerve impulses play the dominant role 
(operative trauma, burns), and a final category in which drugs® '* ** and pH* 
or temperature changes* *° appear to exert an effect on pituitary ACTH release. 
Some stimuli, such as cold exposure,’® probably act through more than one of 
these mechanisms. The site of action of drugs in the central nervous system 
has not been worked out, but a direct effect on the pituitary for some of the 
‘apidly acting ones*®’ cannot be ruled out. There is no good evidence that these 
pharmacologic ACTH ‘‘releasers’’ play a role in the adrenocortical response to 
trauma. There was no increase in adrenal venous catechol amine output fol- 
lowing burns to normal extremities in 2 of 3 animals of the present study in 
which these determinations were made, despite a marked adrenocortical response 
to the burn. It is felt that the lack of medullary response was due to Nembutal 
anesthesia?? and the data further support the concept that adrenocortical re- 
sponse is not mediated through epinephrine release. 

The above classification of adrenocortical stimuli is completely based on 
peripheral and central nervous system pathways. Data from the isolated pi- 
tuitary dog strongly suggest that peripheral nerve stimulation results in the 
production of a neurohumor in the medulla, pons, cerebellum, or mid-brain 
which passes by the systemic circulation to the pituitary and results in ACTH 
release. However, there is no evidence anywhere in our studies or those of 
others to provide a basis for postulating the production of a pituitary-adrenal 
stimulatory substance in a wounded area—a ‘‘wound hormone.’’ The experi- 
mental results of burning the deg with the isolated leg indicate that the adreno- 
cortical response to peripheral operative trauma and severe burns is due ex- 
elusively to peripheral nervous activation and that there is no neurohumoral 
contribution from the wounded area. 

CONCLUSION 

The adrenocortical stimulation which follows severe burns or operative 
trauma is dependent exclusively upon peripheral nervous impulses. There is 
no evidence tor the production in the wounded area of a substance which stimu- 
lates the pituitary-adrenal axis. 
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DISCUSSION 


DR. DAVID M. HUME (Richmond, Va.).—The technique of Dr. Egdahl is a 
very elegant one and really focuses on the involved structures of the hindleg that were 
burned—the artery, vein, lymphatics, and nerves. In this way it is a more specific 
procedure than the cord-section procedure. Sinee he has referred to the work in 1950 in 
which the cord-sectioned animal showed some severe burns, we should mention that since 
this time we have measured 17-hydroxycorticosteroids in the adrenal venous blood of cord- 
sectioned dogs and found no response to trauma. We have done the same in paraplegic 
humans and found no response; we measured the adrenal venous blood in the human 
with operative trauma under anesthesia and found no response during the time of anesthesia. 
Perhaps, an explanation of the response we obtained with the severe burns in the cord- 
sectioned dog might be either that changes occurred in the eosinophils as they circulated 
through the burned area or perhaps it was related to a certain degree of psychic trauma 
that occurred when we took the unanesthetized dog, lifted him in the air, and dipped his 
hindleg in a bucket of boiling water. 


DR. WILLIAM R. DRUCKER (Cleveland, Ohio).—We have studied the effects on 
carbohydrate metabolism of surgery without associated anesthesia in paraplegic patients. 
Sacral decubiti were repaired below the level of complete transection of the spinal cord. 
It was found that surgery in the denervated area caused a marked disturbance in carbo- 
hydrate metabolism, which persisted for at least 2 days following the operation. I should 
like to mention this as a possible example of another response, probably not dependent 
upon the pituitary-adrenal axis, which may be caused by a humoral mechanism. 


DR. EGDAHL (closing).—I do think that the metabolic changes which Dr. Drucker 
has found would seem to demand an explanation other than the pituitary-adrenal axis. 
In so many experiments which we are carrying on in the laboratory it is possible to find 
examples in which various interrelated parameters can be separated. We find that the 
administration of Endotoxin, for example, will stimulate the adrenal cortex long before 
the adrenal medulla is stimulated, showing that adrenal medullary secretion is not necessary 
as has been suggested for adrenocortical secretion. Our findings indicate that nerves are 
necessary for adrenocortical secretion, and so Dr. Drucker’s experiments would not depend 
on the adrenal cortex as the intermediary in the changes in carbohydrate metabolism. 











SEROTONIN IN INTRAVASCULAR THROMBOSIS 


JOHN W. SULLENBERGER, M.D., WituiAm G. ANLYAN, M.D., AND 
WituiAM T. Weaver, M.D. (By Inviration), DuruHam, N. C. 


(From the Department of Surgery, Duke University Medical Center) 
INTRODUCTION 


 peegen vasospastic phenomena are not infrequently seen in patients with 
deep venous thrombosis. A decrease in arterial pulsations in the involved 
extremity is a common finding. Gangrene necessitating amputation may result. 
Over 600 patients have been treated at the Duke University Medical Center for 
thrombophlebitis in the lower extremities during the past 9 years. Twenty-two 
of these patients presented the clinical picture of phlegmasia cerulea dolens. 
One of the patients, a 45-year-old Negro woman, was admitted to the hospital 
because of thrombophlebitis of the right lower extremity with impending gan- 
grene of the foot (Fig. 1). She subsequently developed venous thrombosis in 
the opposite extremity with superficial gangrenous areas of the toes of the left 
foot, fingers of both hands, and ear lobes. An amputation below the knee was 
required on the right. The widespread occurrence of gangrenous lesions in the 
patient suggested the presence of a humoral vasoconstrictive agent, perhaps 
having its origin in the venous thrombi. 

For almost 100 years, serum has been known to have a vasoconstrictive 
property. Rapport, Green, and Page,’ in searching for humoral pressor agents 
responsible for hypertension, such as angiotonin, found that the vasoactive 
principle liberated when blood clotted interfered with their studies. This 
prompted them to isolate the substance because of its nuisance value. It was 
subsequently structurally identified as 5-hydroxytryptamine.* Erspamer® had 
previously detected a substance in the gastric mucosa of rabbits which stimu- 
lated the motility of the intestinal tract, to which he gave the name ‘‘enteram- 
ine.’’ Later this substanee was also identified as 5-hydroxytryptamine. How- 
ever, Page and his co-workers had previously coined the word ‘‘serotonin’’ for 
the 5-hydroxytryptamine they had isolated from serum, and the name ‘‘enteram- 
ine’’ was generally discarded. 

No relationship between serotonin and the elinical effects of massive ve- 
nous thrombosis has previously been established. Serotonin is released from 
platelets, in which it is present in large quantities, when blood clots in vitro.® 
The same process is assumed to occur in vivo. <A vasoconstrictor material is 
liberated from the platelet plugs that form in severed blood vessels,® but this 
substance has not been identified as serotonin. This study was undertaken in 
an effort to determine whether or not elevated blood levels of serotonin occur 


Read at the Twentieth Annual Meeting of the Society of University Surgeons, Denver, 
Colo., Feb. 12-14, 1959, 
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with venous thrombosis as measured by the exeretion of urinary 5-hydroxy- 
indoleacetic acid (5-HIAA). To evaluate any element of stress due to the 
experimental procedures which might influence the results, a corollary study of 
the effect of hydrocortisone on the urinary excretion of 5-hydroxyindoleacetic 
acid was also carried out. Daily urinary excretions of 5-HIAA were determined 
in patients undergoing a variety of surgical procedures, including open cardi- 
otomy, for two reasons. One was to obtain base line studies for comparison 
should they later develop thrombophlebitis. The second was to evaluate any 
alteration of serotonin metabolism in patients subjected to operative stress. 





Fig. 1.—Patient with phlegmasia cerulea dolens. There is early gangrene of the right foot 
with demarcation of the skin over the mid-dorsum. 


MATERIALS AND METHODS 

In this study 35 female mongrel dogs were used and grouped as follows: 

Group I.—Fourteen dogs were anesthetized with intravenous sodium pentobarbital, and 
un indwelling catheter was placed into the urinary bladder. After urine specimens had been 
obtained at 30-minute intervals for a control period of 2 hours, a solution of 2,000 units 
of thrombin in 50 ¢c.c. of normal saline was infused into the dogs through one of the ex- 
ternal jugular veins. The 30-minute urine collections were continued during the period of 
infusion and for an average of 6 hours afterward. The 5-hydroxyindoleacetie acid content 
of each urine specimen was determined by the method deseribed by Udenfriend, Titus, and 
Weissbach.5 Platelet counts were determined at 30-minute intervals while the dogs were 
anesthetized. 


Group II.—Nine dogs were prepared in the identical manner as in Group I. Instead 
of a solution of thrombin, 300 mg. of thromboplastin in 50 ¢c.c. of saline was infused. Urine 
collections were obtained at 30-minute intervals as in the first group, Platelet counts were 
also determined. 


Group III,—Six dogs received 50 ¢.c. of saline only as controls, 
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Group IV.—Six dogs again prepared as in the foregoing groups received 20 mg. of 
hydrocortisone succinate intravenously. 

Twenty-seven patients undergoing major surgical procedures, including open cardiotomy 
with the aid of the pump-oxygenator, were studied for their urinary 5-hydroxyindoleacetic 
acid excretion during the preoperative, operative, and postoperative periods. 


RESULTS 


Group I.—Intravenous thrombin caused a prompt inerease in the urinary 
excretion of 5-hydroxyindoleacetic acid as compared to the unaltered rate of 
excretion in the control group of dogs receiving saline only (Fig. 2). 

Group II.—There was a similar increase in the 5-hydroxyindoleacetie acid 
excretion in dogs receiving thromboplastin (Fig. 3). 

Group I1I.—The intravenous infusion of normal saline produced no eleva- 
tion in urinary 5-hydroxyindoleacetie acid content (Fig. 2). 

Group IV.—Hydrocortisone intravenously caused a slight liberation of sero- 
tonin into the blood stream (Fig. 4). 

Patients undergoing operative stress showed a decrease in urinary 5-hy- 
droxyindoleacetie acid for approximately 2 days after surgery, followed by a 
return to normal or perhaps slightly elevated levels (Fig. 5). Patients who 
underwent open heart surgery where the blood elements were subjected to the 
trauma of the pump-oxygenator showed the same type of 5-hydroxyindoleacetic 
acid excretion curve as did patients subjected to a variety of other types of 
major surgical procedures. When grouped separately, these patients on the 
average excreted less 5-hydroxyindoleacetiec acid than did the patients who did 
not have eardiae surgery. 

COMMENT 


Despite exhaustive study, the physiologic role of serotonin remains obscure. 
More of a mystery is its concentration in platelets. The brain and gastro- 
intestinal tract synthesize the large quantities present within them, but platelets 
have no such ability. There is some evidence for a physiologic function of sero- 
tonin in the brain and gastrointestinal tract, but it is very unlikely that sero- 
tonin participates in the mechanism of blood coagulation. An attractive hypoth- 
esis is that through its vasoconstrictive property serotonin assists in hemostasis 
by direct action on severed vessels. However, there is no alteration of bleed- 
ing time after platelets have been depleted of their serotonin content by the 
administration of reserpine.t Patients manifesting hemorrhagic disorders 
demonstrate no alteration of serotonin content in circulating platelets. In view 
of present knowledge platelets apparently serve only to transport serotonin 
after it has been released into the circulation. 

When relatively small amounts of serotonin are injected intravenously into 
animals, a prompt increase in the urinary excretion of 5-hydroxyindoleacetic 
acid oceurs (Fig. 6). Approximately 25 per cent of the serotonin is recovered 
in the urine as 5-hydroxyindoleacetic acid with other metabolic pathways aec- 
counting for the remaining. A similar prompt rise in urinary 5-hydroxy- 
indoleacetic acid resulted in the dogs in this study after the production of 
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Fig. 2.—Composite of graphs of the 5-HIAA excretion in dogs infused with thrombin 
and controls receiving saline demonstrating the prominent increase after thrombin. A transient 
fall in the platelet count coincided with the rise in 5-HIAA. 

Fig. 3—5-HIAA excretion and platelet counts following 300 me. of thromboplastin intra- 
venously. Thromboplastin also resulted in a rise in the urinary 5-HIAA. A fall in platelet 
count was again noted. 

Fig. 4.—5-HIAA excretion and platelet counts following 20 mg. of hydrocortisone intra- 
venously. Repeated infusions of thrombin at intervals of several days resulted in a progressive 
diminished response in the excretion of 5-HIAA. 

Fig. 5.-Urinary 5-HIAA excretion following operative stress. Hydrocortisone (20 mg.) 
caused a slight elevation of urinary 5-HIAA. 
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intravascular thrombi (Fig. 7), indicating an increased release of serotonin into 
the blood stream. It is of interest to note a definite fall in the platelet count 
coincident with the rise in urinary 5-hydroxyindoleacetic acid (Figs. 2 and 3). 
The slightly greater excretion of 5-hyroxyindoleacetie acid following the throm- 
bin infusions as compared to the thromboplastin infusions may be accounted 
for by a direct action thrombin has on platelets to cause a release of serotonin. 
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Fig. 6.—Metabolism of serotonin. A prompt increase in the urinary excretion of 5-HIAA 


occurs after intravenous injection of 2 mg. of serotonin, which after approximately 4 hours 
amounts to 25 per cent of the serotonin (1 mg. 5-HIAA = 0.95 mg. serotonin). 
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Fig. 7.—Microphotograph of thrombus in pulmonary artery of dog 24 hours after infusion 
of thrombin. Endothelial sheathing of the clot evidences early organization and is consistent 
with an age of 24 hours. 












It is probably the endogenous thrombin formed during the clotting process that 
is responsible for the liberation of serotonin into the serum.’ The introduction 
of exogenous thrombin might be expected to create higher levels of ‘serotonin 
in the blood stream. 
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Several of the dogs used in this study were subjected to repeated infusions 
of the same concentrations of thrombin and thromboplastin at intervals of sev- 
eral days. It was found that a progressive decrease in the excretion of 5-hydroxy- 
indoleacetie acid resulted with each subsequent infusion (Fig. 8), suggesting 
a possible adaptation to the stress invoked by the experimental procedure. This 
finding prompted the evaluation of the effeet of hydrocortisone on the exeretion 
of 5-hydroxyindoleacetic acid. The slight elevation that resulted was some- 
what unexpected. Patients undergoing operative stress, on the other hand, 
showed a decrease in urinary levels of 5-hydroxyindoleacetic acid in the im- 
mediate postoperative period. This was followed by a return to normal and 
perhaps slightly elevated levels. It is difficult to correlate the depression in 
humans following surgery with the apparent elevation that occurred in dogs 
after they had been given hydrocortisone. The depressed excretion of 5-hy- 
droxyindoleacetie acid occurred in the period of postoperative oliguria, but 
renal clearance of 5-hydroxyindoleacetie acid is related to blood levels of sero- 
tonin and not to urinary volume. There is no known relationship at present 
between serotonin and the physiologic response to stress situations. Although 
the catechol amines are analogous to serotonin in many respects, an antagonism 
of the action of noradrenalin in the body by serotonin has recently been demon- 
strated.1. The catechol amines become elevated in emergency conditions and 
may somehow be responsible for depressed serotonin levels in the patients under- 
going surgery. Also, the injection of hydrocortisone into the dogs probably 
did not reflect a true picture of stress in that other steroids also appear in the 
blood stream. The relationship between serotonin, the catechol amines, and 
stress, if one does exist, is currently being further investigated. 
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Fig. 8.—Effect of repeated infusion of thrombin on urinary 5-HIAA. Daily range of 
5-HIAA excretion in patients undergoing a variety of surgical procedures and open cardiotomy 
with aid of a pump-oxygenator with average daily mean of both groups. 
CONCLUSION 
When blood coagulates in vivo, a significant elevation of blood serotonin 
results as determined by an increased excretion of 5-hydroxyindoleacetic acid 
in the urine. Whether or not serotonin plays a role in producing the bizarre 
vasospastic phenomena sometimes seen with intravascular thrombosis remains 


speculative. 
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. ‘ : ‘ : 
No conclusions can be drawn at present with regard to any relationship 
serotonin may have to stress situations. 
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DISCUSSION 

DR. BERNARD ZIMMERMANN (Minneapolis, Minn.).—This is a subject about which 
we will hear a great deal more in years to come. We have been interested in some problems 
along the same line and some experiments have been done in the laboratory by Drs. Rosen- 
berg, Neher, and Davis which may be of interest. This slide illustrates a problem which 
has concerned us about the measurement of 5-hydroxyindoleacetic acid in the urine by the 
method of Udenfriend. Its value in this range seems to be related mostly to the urine out- 
put, so that when the urinary concentrations are low we must consider the possibility that 
only changes in urine flow are being measured. The next slide shows a study of operative 
stress and here again the relationship to urine output in the excretion of this substance is 
rather prominent. (Slide.) Because of this, we have utilized a method for blood serotonin 
determinations. It depends upon the prevention of oxidation using ascorbie acid so that 
5-hydroxytryptamine can be determined in the serum after clotting and whole blood, including 
platelets, is measured. There seems to be relatively little effect on the blood level in an 
operation of this sort. 

This next picture shows pulmonary emboli, produced by making an intravascular venous 
thrombus and allowing it to go free into the blood stream, You can see the drop in blood 
pressure and the increase in pulmonary pressure. The whole blood serotonin falls and there 
is a little increase in the free plasma serotonin which presumably has come from platelets. 
This would go along very well with Dr, Sullenberger’s finding of increased urinary output 
of 5-hydroxyindoleacetic acid, but we feel that with small concentrations the urine output 
affects the latter a great deal. 


DR. PAUL NEMIR, JR. (Philadelphia, Pa.).—There has been a tremendous amount 
of work done on serotonin in the past 4 years, and approximately 400 papers on the subject 
have been published. The difficulty in assessing its role lies in the fact that there is such 
a tremendous individual variation in response to a given amount, and this is even more marked 
among different species. 

We have been interested in this problem from the standpoint of pulmonary embolism. 
In the cat, intravenous injection of serotonin of the order of a microgram per kilogram of 
body weight causes bradycardia, hypotension, apnea, bronchial obstruction, and ‘increased 
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right ventricular and pulmonary artery pressure. In the human, we have injected into the 
pulmonary artery under carefully monitored conditions up to twenty times this amount distal 
to an occluding balloon without any appreciable effects whatsoever. This, of course, does 
not mean that it has no vasospastic effects. It may have been that the dosage was simply not 
enough to cause it, since this is at the lower limits of amounts given into the peripheral venous 
system of humans by others. It may be also that not enough of the diluent vehicle was used 
to allow the material to come in contact with receptor areas which apparently lie in vessels 
somewhere between 40 and 100 micra in diameter. Under any circumstance, it does point 
up the difficulty of projecting results from studies in one species to another. 


I would like to ask Dr. Sullenberger if he has had any experience with injection of the 
serotonin antagonist LSD in his experiments. 


DR. IVAN D. BARONOFSKY (New York, N. Y.).—In the laboratory at the Mount 
Sinai Hospital, my residents, Drs. Zaroff and Frankel, have been interested in this problem of 
serotonin and the vascular effects of this substance. Experimentally, as was presented by 
previous discussants, a pulmonary infarction was produced in animals, and in these animals 
a study showed the 5-HIAA levels in the urine to be increased. If possible we would like 
to be able to use that as a test for pulmonary infarction. We know there are many com- 
plications that can occur and many controls that have to be used, but we would just like to 
show you what has occurred to the 5-HIAA level in a case that we recently had. This was 
a case of pulmonary infarction. 

(Slide.) This shows the serotonin level that occurred and these are the number of days 
immediately following pulmonary infarction. The level was high immediately and then it 
dropped after a period of time. More of these studies should be made in order to determine 
whether this testing for pulmonary infarction can be corroborated. 


DR. ANLYAN (closing).—In regard to Dr. Zimmermann’s comments, in our dogs, we 
analyzed our data very carefully to see if there was a relationship between urine volume and 
urinary output of 5-HIAA in the period of the experiments, and there was no consistent 


correlation. On the other hand, in the studies on patients, there did seem to be some such 
correlation. 

Regarding Dr. Nemir’s question about the use of LSD, we’ve had it on the shelf for 
a number of months and we plan to use it in the near future. Our main problem at this 
time is to determine more specifically whether or not with intravascular thrombosis we got 
an inerease in urinary 5-HIAA output. We feel that we did. 

Regarding Dr. Baronofsky’s comments, I agree with him that it will be necessary to 
have several hundred patients as controls before we are able to pick up that 1 to 3 per cent 
who develop venous thromboembolism following operative stress. 











SPECIFIC POLYPEPTIDE SUBSTRATES IN ENZYMATIC 
DETERMINATION OF PANCREATIC DISEASE 
GEORGE L. Narpi, M.D., Boston, Mass. 


(From the Department of Surgery, Harvard Medical School, and The Surgical Services, 
Massachusetts General Hospital) 


IFFICULTY of diagnosis in pancreatic disease has led the clinician to 

place considerable importance on abnormal elevations of pancreatic enzymes 
in the blood. Lack of a reliable measure of proteolytic activity has resulted 
in reliance on amylase and lipase levels, neither of which is exclusively 
pancreatic in origin. The availability of synthetic polypeptide substrates 
with amide linkages vulnerable only to specific enzymes has enabled us to 
devise a direct method for the quantitative analysis of cireulating serum 
trypsin, an enzyme produced exclusively by the pancreas. The sera of 180 
patients with and without pancreatic disease were analyzed by this method 
and form the basis of this report. 

BACKGROUND 

One of the most striking properties of enzymes is their specificity or 
limitation of action to one substance or a few closely related substances. This 
property is a most important biologie phenomenon, for, without it, ordered 
metabolism of living matter could not exist. This econeept of enzyme specificity 
was first suggested by Emil Fischer* who developed the well-known ‘‘loeck and 
kev’’ analogy for enzyme-substrate interactions. 

The introduction of synthetic peptide substrates by Bergmann' provided a 
tremendous impetus to the development and understanding of enzymatic mecha- 
nisms. These developments, however, remained cloistered in the laboratory and 
were slow to find their way to the bedside. These synthetic substrates can be 
so prepared that their chemically active linkages will be vulnerable only to a 
specific enzyme or group of enzymes. A great variety of these are commercially 
available or easily prepared. The substrate we utilized was a-benzoy]-l-arginine 
amide hydrochloride (BAA*). Its structural formula is shown in Fig. 1. This 
compound is hydrolyzed extremely rapidly by trypsin to yield benzoy|!-l-arginine 
and ammonia.? The rate of reaction is proportional to the enzyme concentra- 
tion.” 

METHOD 


The test has been slightly modified from previous descriptions® and is done by adding 
freshly drawn serum to an equal volume of 0.1 M BAA in phosphate buffer at pH 7.8. The 


Aided by a grant from the American Cancer Society. 

Read at the Twentieth Annual Meeting of the Society of University Surgeons,, Denver, 
Colo., Feb. 12-14, 1959. 

*Obtained from the Mann Research Laboratories, 136 Liberty St., New York, N. Y. 
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ammonia resulting from hydrolysis of the amide is titrated with 0.01 N HCl by Conway ’s 
microdiffusion technique? (Fig. 2). The amount of acid required is proportional to the 
enzymatic activity. We have expressed our results in units of tryptic activity using 
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lyophilized crystalline trypsin®* as a standard. One hundred units of activity were equivalent 
to the activity of 100 meg. of trypsin and required one microliter of 0.01 N HCl for 
titration. On the basis of previous experiments? 100 units was arbitrarily set as our 


maximum normal value. 


*Tryptar, Armour Pharmaceutical Company, Kankakee, Til. 
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RESULTS 


Preliminary studies were done on dogs after ligation of their pancreatic 
ducts. A prompt and sustained rise of serum trypsin activity was found which 
paralleled the amylase curve closely (Fig. 3). 

After preliminary clinical trials the test was made available to the hospital 
staff. Blood samples were drawn and analyzed by technicians who had no 
knowledge of the patient’s diagnosis. After a minimum period of 6 months 
the patient’s chart was obtained from the record room and after careful clinical 
analysis he or she was elassified into one of six main diagnostic groups: (1) no 
pancreatic disease, (2) pancreatitis, (3) carcinoma of the pancreas, (4) biliary 
inflammatory disease, (5) gastroduodenal inflammatory disease, and (6) ab- 
dominal pain, cause undetermined. 

The respective trypsin values for each patient were then plotted within the 
appropriate grouping as shown in Fig. 4. 

There were fifty-nine patients with no evidence of pancreatic, duodenal, or 
biliary tract disease. The average value for the entire group was 62 units. 
Seven (12 per cent) had values greater than 100 units and were considered 
false positives. 

Fifty-seven patients had a diagnosis of pancreatitis which was clinically 
indisputable or proved by laparotomy. Six (11 per cent) had normal values. 
Although some of these determinations were done during convalescence when 
amylase values and clinical findings had returned to normal, they were con- 
sidered false negatives. The average for the entire group was 245 units. 

There were 12 patients with histologically proved pancreatic carcinoma. 
No false negatives were found. The average value of 338 units was the highest 
of any group. 

Sinee associated pancreatitis and elevations of amylase may occur in 
biliary® 7 and gastroduodenal® inflammatory states, it was thought advisable to 
group these patients separately. 

Twenty-one had biliary inflammation or involvement, that is, cholecystitis, 
cholelithiasis, hepatitis, and so forth. The average for this group was 93 units. 

Nineteen patients with gastroduodenal inflammatory disease, that is, du- 
odenal ulcer, perforated or bleeding peptic ulcer, and so forth, had a group 
average of 105 units. 

The findings in the latter two groups would suggest that they are quite 
comparable to the control group without pancreatic disease and only the oe- 
easional patient with possible secondary pancreatic involvement provided an 
isolated high trypsin level which resulted in the slight average elevation in 
these two groups. 

In patients with pancreatitis, whether primary or associated with duodenal 
or biliary disease, there was generally good correlation between elevations of 
trypsin and amylase. Lipase determinations, when available, were less fre- 
quently elevated and in general seemed to be a less sensitive index of pancreatic 
disturbanee, a fact perhaps tacitly implied by the infrequent requests for this 
determination by the various members of our staff. 

By way of contrast only 2 of the 12 patients in the carcinoma group had 
unusual elevations of either serum amylase or lipase. 
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DISCUSSION 


The method by which pancreatic enzymes enter the blood stream is not 
clear. We are inclined to believe that ductal obstruction probably plays an 
important role either in promoting entry of enzymes into the circulation or 
their activation or both. 

Some limitations in our theory and technique must be recognized. In blood, 
trypsin probably exists chiefly in an inactive (trypsinogen) form or bound with 
inhibitors. Addition of enterokinase to serum increases greatly the amount of 
BAA digested. It must be admitted that we are measuring only the free or 
‘“‘available’’ trypsin. It is perhaps this fraction that is of greatest significance 
in panereatie disease. 

Another limitation is the possibility that serum enzymes other than trypsin 
may eross-react with our substrate. Both plasmin (fibrinolysin) and papain 
are alleged to split the amide linkage of BAA in vitro. Papain need not con- 
cern us since it is of vegetable origin. Plasmin, however, is believed to occur in 
the circulation and is theoretically capable of mimicking the action of trypsin 
on BAA. 

From a pragmatic point of view it might be of little importance to ascertain 
exactly which enzyme system or systems are active so long as a reasonably good 
correlation exists between the chemical and clinical findings. Obviously such 
is a limited point of view, for a better understanding of the mechanisms in- 
volved may lead to improvements not only in this determination but perhaps in 
other clinical applications and a better understanding of underlying pathologie 
processes. 

Accordingly two sets of experiments were earried out which provided some 
evidence that trypsin rather than plasmin was the enzyme which concerned us. 

Since plasmin is heat labile, determinations were done on sera before and 
after heating to 65° C. for 15 minutes. There was little change in the measured 
values suggesting that the active group was heat stable, that is, trypsin. 

Purified fibrinolysin (plasmin) was obtained* and tested on our substrate 
in varying concentrations. In no ease was any substrate breakdown detected. 

Attempts to identify the active enzyme system by classical methods of 
enzyme kineties such as determination of Km. values* were not practical with 
our techniques. 

Although this trypsin test may prove to be of value as a diagnostie aid in 
panereatie disease, especially in carcinoma, of equal or greater importance is 
the concept of utilizing specific synthetic substrates in clinical diagnosis. This 
need not be limited to the pancreas but may be applied to other organ systems 
as their biochemistry becomes better understood. 


SUMMARY 


A laboratory technique for measurement of serum ‘‘trypsin’’ utilizing 
specific peptide substrates has been devised. 





*Ortho Pharmaceutical Company, Raritan, N. J. 
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Studies on 180 patients showed a good correlation between trypsin levels 
and pancreatic disease. 

It is hoped that this concept of utilization of specific enzymatic substrates 
may find wider application in clinical medicine. 


I wish to express my thanks to Miss Natalie Goregliad for her skill in doing the 


clinical analyses. 
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Specific Esterase Activity 


DISCUSSION 


DR. PAUL NEMIR, JR. (Philadelphia, Pa.).—The difficulty in making the diagnosis 
of acute pancreatitis is that most of the time we first see these patients after the amylase 
has returned to normal, and it takes at least 24 hours after admission to the hospital before 
we can obtain the results of a lipase determination. If we had some test such as this one, 
it centainly would be a great help. Soon after Dr. Nardi first presented his results with 
this study some months ago, we instituted this test in our laboratory. Drs. Pimparker and 
Kalser of our Department of Gastroenterology have now performed the procedure on 
approximately 35 patients: 15 normal, 10 stimulated with secretin, and 10 having acute 
pancreatitis. 

There was one difference in the methods used. 
of Dr. David Seligson for determining plasma ammonia. 
method using Conway cells as did Dr. Nardi, but in most of the cases the colorimetric 
method was used. To our great disappointment, we have been unable to find any elevation 
in those patients having acute pancreatitis and in those patients which had secretin stimula- 
tion. We have created an extremely fulminating and lethal necrotizing pancreatitis in 
animals and have here also failed to demonstrate any appreciable elevation of the serum 
trypsin. It was our distinct impression that inhibitors were present in the serum. 

I would like to ask Dr. Nardi if he feels that the method of determining the plasma 


They used the colorimetric method 
We have also used the volumetric 


ammonia has been responsible for our difficulty. 


DR. FRANCIS D. MOORE (Boston, Mass.).—This work looks to me to be especially 
interesting with the relation to carcinoma of the pancreas, and I was wondering if in Dr. 
Nardi’s closing remarks he’d like to tell us a little bit more about those patients with 
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sancer—how many did not have amylases values and whether they were tumors of the head 
of the pancreas or body of pancreas, how many of them were jaundiced, and so on—because 
it seems to me that this may have its greatest usefulness in the carcinoma group. 


DR. GEORGE H. A. CLOWES, JR. (Cleveland, Ohio).—I would like to ask Dr. Nardi 
if he has been able to differentiate the reactions which the different patients showed to 
pancreatitis. Rich and Duff many years ago postulated that the type of enzyme escaping 
from the acini determined the type of response: necrotizing hemorrhagic pancreatitis from 
trypsin, or fat necrosis with lipase. Have you been able to show any difference in the 
levels of amylase, lipase, or trypsin in your studies which would aid in assessing the type 
of damage being done? 


DR. EUGENE E. CLIFFTON (New York, N. Y.).—As Dr. Nardi knows, we did 
prove that there was an increased proteolytic activity in animals with pancreatitis a number 
of years ago as Dr. Powers has also, and we were never quite sure that this was trypsin or 
was activated plasmin or other activators. I have one particular question for Dr. Nardi. 
Did he determine inhibitor levels at the same time as he studied the BAA-lases or activity, 
because certainly with acute pancreatitis there is a more acute drop in inhibitor levels 
for trypsin or antitrypsin and this subsequently goes up in many patients. I noticed that 
there was a variation in the level at different times. If a patient’s inhibitor level drops 
and stays down, then there is a much greater proteolytic activity in that individual, regard- 
less of whether he has a level proteolytic activity. The second question is about the purified 
plasmin that was used. Some of the purified plasmins that are available are really primarily 
activator and have no enzyme activity so that injection of purified plasmin in this case 
would not give any activity from the plasmin itself. 


DR. NARDI (closing).—The method we have described presents some technical 
difficulties. The most apparent is the meticulousness that is required in executing properly 
the Conway microdiffusion. Accordingly, I doubt that it could in any way replace amylase 
determinations in routine use. 

We were excited by the results in the carcinoma group and have been trying to modify 
our end point so it can be measured colorimetrically. Dr. Mayo Brown of the Faulkner 
Hospital in Boston has devised such a colorimetric method, utilizing a different substrate, 
however. He tells me that he has obtained a similarly good correlation in pancreatic 
disease. 

This slide outlines two methods of adapting colorimetric end points. The first which 
Dr. Mayo Brown has utilized depends on the formation of a colored complex by the substrate. 
The blank with no substrate digested will have a high color index while the tube which 
has had substrate destroyed by enzymatic action will have less color development. The 
difference will be proportional to the enzymatic activity. 

The second method which is not at all original with me is the use of a substrate with 
«a colored radical fused onto it, that is, a BAA-color, so that when enzymatic digestion 
occurs color is liberated and, therefore, the reaction is proportional to the amount of color 
formed. There are various ways to skin a cat and I do not claim that ours is the best method, 
but I hope it is something that may lead to a good, practical result. To answer Dr. Nemir’s 
question, I do not know why he has not gotten elevations in his determinations. We need 
more reports of this sort. If more people cannot reproduce what we are doing, then it is 
no good. We have sent out over 400 mimeographed directions to people who have requested 
this method, and I hope that others will report on it. This is what we will have to find out. 
[ hope Dr. Nemir keeps doing them to see if the difficulties may just be technical. 

The next slide will answer Dr. Moore’s question. This slide represents the first 7 
varcinomas of the pancreas we studied. Here you can see the amylase and lipase values 
which, when they were available, we recorded. Every one of these was a carcinoma of 
the head of the pancreas except the last patient with the lowest value which was a 
earcinoma of the body and tail. The majority of these patients were jaundiced. 
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Now, to answer Dr. Clowes, it has been shown in animals that the pancreas is a 
flexible organ producing enzymes in response to the dietary intake of the animal. There is 
a proportional difference in the quantity and concentration of enzymes secreted and I 
think this is very important. I believe there are various kinds of pancreatitis, an amylolytic, 
a lipolytic, or a proteolytic kind, and I think that there need be no correlation between 
all three types of enzymes being elevated. I think one can be up and the other down 
depending on various phases of functions of pancreas. Just because the amylase is not 
up and the trypsin is up or vice versa does not prove that one or the other is wrong. 

Dr. Cliffton, we did not determine inhibitor values. The only thing we did do 
initially was to run all our tests in quadruplicate—in duplicate for trypsin—and then we 
also added enterokinase and uniformly found that we could activate or liberate a good 
deal more activity. We agree that the particular lot of fibrinolysin we used had only 
activator principals and may well account for why we did not get any activity in our 


tests. 


In closing I would like to quote from Dr. Moore’s presidential address to this 
Society last year, ‘‘The surgical investigator must be a bridgetender, channeling knowledge 
from biologie science to the patient’s bedside and back again. He traces his origin from 
both ends of the bridge. He is thus a bastard, and is called this by everybody....’’ I 
trust my colleagues will be kinder. 

































THE NATURE AND CAUSE OF GASTRIC HYPERSECRETION 
FOLLOWING PORTACAVAL SHUNTS 


W. SILen, M.D. (By Inviratrion), ANp B. E1skmMan, M.D., DENVER, COLO. 


(From the Department of Surgery, University of Colorado Medical Center and Denver 
Veterans Administration Hospital) 


“Ponce and associates* * have firmly established the fact that marked hyper- 
secretion of canine Heidenhain pouches occurs following portacaval trans- 
position. Similar hyperseeretion has been noted following simple portal di- 
version® and after constriction of the portal vein.* * The mechanism for this 
phenomenon has not been clearly elucidated. This is an investigation of the 
nature and possible cause for such hypersecretion. 


METHODS AND RESULTS 


Heidenhain pouches were constructed in 21 mongrel dogs. Following a 2-week recovery 
period, 24-hour pouch secretions were collected daily in a latex balloon attached to an in- 
dwelling plastic cannula. The volume of a 24-hour specimen was measured, and the free 
and total acid determined by titration with 0.1N NaOH solution. Milliequivalents of free 
and total hydrochloric acid were calculated. After 14 to 30 base line determinations on 
each dog, portacaval transposition was performed according to the method of Child.2 All 
tributaries of the portal vein from the junction of the splenic and superior mesenteric veins 
to the hilum of the liver were ligated. 

The Effect of Fasting.—Concomitantly with Clarke, we observed in our own laboratory 
that fasting abolished the Heidenhain pouch hypersecretion provoked by a regular kenne! 
diet following portacaval transposition. 


Methods: All animals were maintained on a constant daily ration of a commercial 
dog food (Pard). Pard consists of 11.0 per cent protein and 4.5 per cent fat. Isotonie 
saline solution was allowed orally ad libitum, and 2 Gm. of NaCl was added to the daily 
diet to help maintain electrolyte balance. This regime, hereafter referred to as the ‘‘regular 
diet,’’ was utilized whenever the dogs were not being subjected to special tests. In 6 dogs, 
a 24-hour total fast (no water or saline) was instituted 29 times before and 52 times after 
portacaval transposition. 

Results: Prior to transposition, the mean pouch secretion of 8 dogs on a regular diet 
was 19.8 + 4.7 mEq., while fasting diminished the mean 24-hour secretion to 1.6 + 1.1 mEq. 
Following portacaval transposition the mean 24-hour pouch secretion of the animals on a 





regular diet was 58.7 + 6.4 mEq., which represents approximately a threefold increase over 
the Pard-fed controls prior to hepatic bypass. Fasting for 24 hours diminished the mean 
24-hour secretion to 8.7 + 5.6 mEq., which is one-seventh the secretion of these same ani- 





mals with portacaval transposition on a regular diet. However, this fasting secretion after 
transposition represents a fourfold increase over fasting secretion prior to portacaval trans- 
position (Fig. 1, Table I). Both the volume and acidity of the secretion decreased con- 
sistently during each fasting period. 

The Effect of the Three Major Dietary Constitwents.—The fact that pouch hyperseere- 
tion in the dogs with portacaval transposition resulted only after feeding led to an in- 
vestigation of the dietary components which might be responsible for such hypersecretion. 









Supported in part by U.S. Public Health Service Grant A-793(C3) and A-2934. 
Read at the Twentieth Annual Meeting of the Society of University Surgeons. Denver, 
Colo., Feb. 12-14, 1959. 
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Methods: Experimental diets consisted of (a) pure carbohydrate, 2,000 ml. of 10 
per cent dextrose in water; (b) 100 ml. of a 40 per cent emulsion of vegetable oil (Lipomul) ; 
(ec) 40 to 45 Gm. of lard, an animal fat; and (d) 1,000 ml. of a 5 per cent hydrolysate of 
beef blood fibrin (Aminosol), containing two-thirds free amino acids and one-third smali 
peptides. The protein content of this volume of Aminosol is equivalent to that of a daily 
ration of Pard. The experimental diets were preceded in each instance by a 12 to 18-hour 
fast. Exeept for the Lipomul, which was administered by a Levine tube placed in the 
stomach, all test diets were given over a 24-hour period, during which time saline solution 
was allowed ad libitum. Each diet was tested in 6 animals before and after transposition, 
except Lipomul which was not tested prior to portacaval transposition. 


BEFORE AFTER 
TRANSPOSITION TRANSPOSITION 
Regular diet 

360 


Pd 
° 


8 


b 
° 


8 


Regular diet 
210 


LJ 
° 


Fasting 
52 


ro 





meq, Total Hydrochloric Acid (24 Hours) 


Fasting 
29 








Fig. 1.—Response of Heidenhain pouch secretion to fasting versus regular diet. 
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Fig. 2.—Response of Heidenhain pouch secretion to various test diets. 


Results: The results are summarized in Table IT and Fig. 2. Prior to transposition 
of the portal vein and vena cava, glucose produced a mean 24-hour secretion of 2.4 + 1 mKq.; 
lard, a secretion of 2.2 + .8 mEq.; and Aminosol, 10.1 + 7.2 mEq. Both the secretory volume 
and acidity rose following the Aminosol test meal. Following transposition, the glucose, 
Lipomul, and lard meals produced a mean 24-hour secretion of only 15.7 + 8, 10.2 + 4.6, 
and 10.4 + 2.8 mEq., respectively. Oral administration of Aminosol, however, caused a mean 
24-hour secretion of 42.1 + 13.7 mEq., which is 3 to 4 times that obtained with nonprotein 
diets. Both the volume and acidity rose during the Aminosol test meals, but the increases 
in volume were much greater than the slight rises in acidity. 

The Effect of Intravenous Protein Derivatives (Aminosol).—Since the previously men- 
tioned experiments demonstrated that only protein derivatives when administered orally 
produced secretion in amounts comparable to that observed with the regular diet, it seemed 
logical to test the effect of such agents upon the secretion when given intravenously. 


Methods: Following a 12- to 18-hour fast, 1,000 ml. of 5 per cent Aminosol was ad- 
ministered intravenously over a 5-hour period to animals with a Heidenhain pouch and 
In 4 dogs, the material was introduced into a vein of the foreleg, 


portacaval transposition. 
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thus allowing the material to circulate systemically before reaching the liver. In 5 other 
animals, the Aminosol was given via a hindleg vein, thus introducing the solution directly 
into the liver via the portal vein before it reached the gastric pouch. 

Results: No increase in secretory rate of the pouch during the Aminosol infusion was 
noted in any of these experiments. The mean 24-hour secretion during foreleg and hindleg 
infusions was 9.1 + 3 and 6.3 + 1.5 mEq., respectively (Fig. 3). These values do not differ 
significantly from the fasting values observed in these animals. 
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kxffect of oral versus parenteral administration of aminosol upon 24-hour Heiden- 
hain pouch secretions in dogs with portacaval transposition.. 


Fig. 3. 

The Effect of Orally Administered Amino Acids.—Because the intravenous administra- 
tion of Aminosol did not produce rises in pouch secretion, various products of protein di- 
gestion were administered orally in an effort to identify the secretagogue responsible for the 
hypersecretion noted in these animals. Four amino acids have thus been tested: (1) 
B-alanine, because Ivy1° has noted that of all amino acids it is the most active gastric 
secretory excitant; (2) histidine, because it is a precursor of histamine; (3) lysine, because 
of its previously reported effect upon gastric secretion!2; and (4) tryptophane, because it is 
a precursor of serotonin. 

Methods: These amino acids were administered by gastric tube following a 12- to 
18-hour fast to 9 dogs with transposition. They were given in 100 ¢.c. of water at 8:00 A.M. 
and no other food or water was allowed during the subsequent 24-hour test period. The 
dosages of the amino acids were: (1) B-alanine, 2 Gm.; (2) histidine, 2.4 to 4.8 Gm.; (3) 
lysine, 5 Gm.; and (4) tryptophane, 5 Gm. The amounts of amino acids used were at least 
equal to the amount of each found in one liter of Aminosol. Eleven tests were earried out 
with B-alanine, 6 each with lysine and tryptophane, and 3 with histidine. 

Results: Only in one test with lysine and in one test with tryptophane did the 24-hour 
pouch secretion rise significantly above fasting levels. In these instances, the pouch secretion 
was approximately one-half that found on a regular diet. In all other tests with each 
amino acid, the pouch secretion generally approximated fasting levels (Table II). The 
mean secretions were as follows: (1) B-alanine, 12.1 mEq.; (2) histidine, 10.4 mEq.; (3) 
lysine, 9.7 mEq.; and (4) tryptophane, 10.3 mEq. It did not appear, therefore, that any 
of these amino acids had a specific or marked secretagogue activity. 

The Effect of Ammonia.—Ammonia is one of the important by-produets of protein 
digestion within the intestine. Since dietary protein was noted to be the most important 
stimulus to Heidenhain pouch secretion following portacaval transposition, it was considered 
pertinent to examine the relation of ammonia to gastrie secretion in these animals. 


Methods: 

Regular Diet: The effect of the regular Pard kennel diet upon peripheral blood am- 
monia levels was studied after portacaval transposition in 12 instances. After fasting base 
line determinations of peripheral blood ammonia,5 the animals were fed; the food usually 
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TABLE II. MEAN 24-HourR PoucH SECRETION IN RESPONSE TO ORAL AMINO ACIDS AFTER 
PORTACAVAL TRANSPOSITION 


























DOG NO. | B-ALANINE | HISTIDINE | LYSINE | TRYPTOPHANE _ 
1-863 9.2 (2) 9.1 (1) 22.4 (1) 
1-903 3.4 (2) 12.8 (1) 4.2 (2 9.7 (2) 
1-908 2.7 (1) 3.7 (1) 

1-912 ‘en 42) 9.7 (1) 
1-921 2.1 (1) 30.8 (1) 6.3 (1) 
2-30 16.6 (2) 

2-63 11.4 (2) 

2-59 19.7 (2) 

2-36 8.3 (2) ee 

Mean average 12.1 (11) 10.4 (3) 9.7 (6) 10.3 (6) 





Values are recorded in mEq./24 hours of hydrochloric acid. 
Numbers in parentheses represent the number of determinations. 


was consumed within 10 to 15 minutes. Peripheral blood ammonia levels were determined 
%, 1, 2, 3, 4, and 5 hours after completion of the meal. In 3 dogs, 6- and 7-hour peripheral 
blood ammonia determinations were also made. 

Measurements of pouch secretion were determined at 90-minute intervals for 744 to 
9 hours following completion of the regular Pard kennel diet in 10 instances. These studies 
were employed to determine if any correlation existed between the pouch secretions and 
changes in peripheral blood ammonia concentrations. 

Gastric Instillation of Ammonium Citrate: Ammonium citrate, 0.2 Gm. per kilogram 
of body weight, in 30 ml. of water was administered by means of a gastric tube to 12 dogs 
with Heidenhain pouches and portacaval transposition. Peripheral blood ammonia levels 
were determined before and at 14, 1, 2, and 3 hours after the ammonium citrate was given. 
Pouch secretions were determined simultaneously. 

Regular Diet Plus Colectomy: Since ammonia is largely produced within the colon 
by bacterial action upon nitrogenous substrates$, 13 the effect of colectomy upon pouch secre- 
tion was investigated in 5 dogs. Following base line determinations of pouch secretion while 
the animals were on a regular diet before and after portacaval transposition, resection of 
6 inches of terminal ileum and the entire colon to within 2 inches of the anal verge was 
carried out. Continuity was re-established by means of an end-to-end anastomosis. Pouch 
secretions were determined daily following colectomy. Complete colectomy was not per- 
formed because of the rapid deterioration of the animals following this procedure. 


Results: 


Regular Diet: In all 12 studies there was a rise in peripheral blood ammonia 30 to 
60 minutes after the Pard meal. In only 2 studies was a slight additional late rise noted 4 
hours after the meal, and the values returned to normal in 5 hours in these 2 dogs. In the 
10 remaining studies peripheral blood ammonia levels had returned to normal 2 hours after 
feeding and remained at normal levels thereafter for as long as 7 hours. The mean rise for 
the 12 studies was 0.56 meg. per milliliter. This represents an 85 per cent increase above 
fasting levels. 

The peak of secretory activity from the Heidenhain pouch in each animal following 
a Pard meal uniformly occurred between 3 and 6 hours after feeding. After 6 hours the 
secretory rate fell rapidly to near-fasting levels, which continued until the animal was fed 
on the following day. The typical relation of changes in peripheral blood ammonia to 
pouch secretion after the regular diet is demonstrated in Fig. 4. This illustrates that the 
peak in the peripheral blood ammonia concentration did not coincide with the peak in pouch 
secretion which characteristically occurred 3 to 6 hours after feeding. 

Gastric Instillation of Ammonium Citrate: Ammonium citrate (0.2 Gm. per kilogram) 
given by gastric tube caused a distinct rise in peripheral blood ammonia with the peak at 
1% to 1 hour after its administration. Changes in Heidenhain pouch secretion coincided with 
these rises in peripheral blood ammonia in 11 of the 12 studies. A typical result is depicted 
in Fig. 5. In one animal no change in secretion occurred despite a rise of 3.43 meg. per 
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milliliter in peripheral blood ammonia. Both the volume and acidity rose in response to 
the ammonium citrate. The mean rise in peripheral blood ammonia was 3.2 meg. per milli- 
liter for the 12 tests. Pouch secretion rose from a mean fasting rate of 0.03 mEq./30 
minutes to a mean peak of 0.5 mEq./30 minutes. Introduction of similar quantities of water 
into the stomach does not alter pouch secretion. 

Colectomy With Regular Diet: Coleetomy with preservation of the distal 2 inches of 
rectum did not significantly alter pouch secretion in any of the 5 animals while on a regular 
diet (Table IIT). 
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Fig. 4.—Typical response of peripheral blood ammonia and Heidenhain pouch secretion 
to regular diet after portacaval transposition. 


Fig. 5.—Typical response of Heidenhain pouch secretion and peripheral blood ammonia to 
oral ammonium citrate in dogs with portacaval transposition. 


TABLE III. HEIDENHAIN PoucH SECRETION IN Dogs WITH PoRTACAVAL TRANSPOSITION 
BEFORE AND AFTER COLECTOMY 


























DOG NO. BEFORE COLECTOMY | AFTER COLECTOMY 
2-30 70.4 (30) 69.5 (14) 
1-903 75.8 (30) 76.5 (14) 
1-863 74.0 (30) 65.1 (14) 
1-921 67.1 (30) 71.0 (14) 
2-36 72.4 (30) 81.1 (14) 








Values are recorded in mEq./24 hours of hydrochloric acid. 
Figures in parentheses represent the number of determinations while on a regular diet. 


Histamine.—The classical gastric secretagogue action of histamine suggested its pos- 
sible role in the causation of hypersecretion in animals with portacaval transposition. Fur- 
ther, it has been shown that histamine levels in the portal blood are uniformly higher than 
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those in peripheral or hepatic venous blood, and that a meat meal will markedly elevate 
histamine levels in the urine.11,14 Hepatic bypass of portal blood with its relatively high 
histamine content might, therefore, be the mechanism responsible for hypersecretion follow- 
ing portacaval transposition. For these reasons the response of pouch secretion was deter- 
mined following intravenous administration of histamine both systemically and directly into 
the liver via the transposed portal vein. 


Methods: 


Single 3-Hour Periods of Infusion: Base line pouch secretion was determined for 
hours during infusion of 0.9 per cent saline solution at the rate of 2 ml. per minute by means 
of a constant infusion pump. Histamine base (0.0125 mgm. per kilogram per hour) mixed 
with 0.9 per cent saline solution was then infused at a constant rate of 2 ml. per minute 
for an entire 3-hour period, and pouch secretion was determined during this time. Each 
test was performed in 2 animals with Heidenhain pouches and portacaval transposition; once 
with administration of the histamine into the foreleg (systemic) and once into the hindleg 
(portal). Two days’ rest were allowed between determinations on each animal. 


» 


Alternate Fore- and Hindleg Infusions: In 6 animals with portacaval transposition, 
base line pouch secretion was determined for one hour during the infusion of 0.9 per cent 
saline solution at a constant rate of 2 ml. per minute. A similar volume of saline solution 
containing histamine was then administered alternately into veins of the fore- and hindlegs 
at the rate of 0.0125 mgm. per kilogram per hour of histamine base for three 2-hour periods. 
Thirty-minute control periods of saline infusion were allowed between changes in the route 
of administration. In 3 dogs the entire test was repeated on a different day with reversal 
of the original order of infusion into the portal and systemic circuits. The dosage of 
histamine used in these experiments previously has been shown to provoke secretion from 
a Heidenhain pouch approximating that caused by a meat meal.14 
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Kig. 6.—Comparison of systemic versus portal administration of histamine on Heidenhain 
pouch secretion in dog with portacaval transposition. 


Results: 

Single 3-Hour Period of Infusion: The mean hourly pouch secretion during systemic 
infusion of the histamine solution for 3 hours greatly exceeded that during portal infusion 
in both animals studied. Systemic administration of the histamine provoked a 15.1 and 
11.0 times greater rise above base line secretion than did portal administration (Fig. 6). 

Alternate Fore- and Hindleg Infusion: Alternation of the route of administration of 
the histamine or reversal of the order of infusion did not affeet the basic pattern of pouch 
response to histamine. In each instance systemic infusion of histamine caused a much 
greater secretory response from the pouch than did infusion into the femoral vein which 
led directly to the liver (Table TV and Fig. 6). Histamine infusion into the pertal vein 
characteristically produced no significant rise of pouch secretion above the saline infusion 


control. 
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TABLE IV. RESPONSE OF HEIDENHAIN PoUCH SECRETION TO PORTAL OR SYSTEMIC 
ADMINISTRATION OF HISTAMINE 











ices ces aan ia “MEAN mEq., FREE HCl PER HOUR 











DOG NO. | BASE LINE | PORTAL | SYSTEMIC 
2-36 8  — “95 79 2.64 
as 74 1.77 
1-921 20 32 .60 
30 34 62 
2-30 25 18 63 
035 .08 25 
2-70 33 33 .68 
1-863 18 AT 59 
1-903 05 .08 .20 





Histamine infused at constant rate of 0.0125 mgm. per kilogram per hour. 
Each set of figures represents one test as described in the text. 


Postmortem Studies.—All animals were sacrificed at the completion of the study. Only 
one of the 21 animals had ulceration within the stomach or Heidenhain pouch, All vaseular 


anastomoses were patent, 


INITIAL PORTAL INITIAL SYSTEMIC 
ADMINISTRATION ADMINISTRATION 


CJ 9% Saline infusion 


U. Portal Administration of 
B Histamine 0125 mgm/Kilo/tHour 


Systemic Administration of 
Histamine .0125 mgm /Kilo/Hour 


ow 
°o 


x) 
a 


° 






° 





4% 


a 
Fig. 7.—Comparison of systemic versus portal administration of histamine on Heidenhain 
pouch secretion in dog with portacaval transposition. 
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DISCUSSION 


These studies confirm the fact that portacaval transposition causes marked 
hypersecretion from a Heidenhain pouch.*** We have also corroborated the 
faet that fasting abolishes such hyperseeretion. The protein component of the 
diet appears largely responsible for the hypersecretion which occurs when the 
animal is maintained on a regular diet. 

The intravenous administration of a meal of protein derivation (Aminosol), 
whether into the systemic or portal system, did not reproduce the hypersecretion 
observed when this material was given orally. This would indieate that the 
secretory action of Aminosol is dependent either upon digestive processes within 
the intestine which alter the amino acids or peptides in such a way as to make 
them active gastric secretagogues, or upon the fact that orally administered 
protein derivatives cause the intestine to release a humoral agent which excites 


gastric secretion. 

The administration of four amino acids which seemed most likely to effect 
a response did not cause hypersecretion from the Heidenhain pouch. Ammonia, 
as an important by-product of protein digestion, was also investigated as a 
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possible cause for the hypersecretion observed following portacaval transposi- 
tion. Ammonium citrate when administered orally to dogs with portacaval 
transposition did in fact cause a secretory response from the Heidenhain pouch 
in our studies. Despite this finding, we feel that hepatic bypass of ammonia- 
containing portal blood is not the eause of the hypersecretion in these animals 
for the following reasons: (1) The rises in peripheral blood ammonia follow- 
ing administration of the regular diet were minimal and did not correspond 
temporally to the most marked rises in pouch secretion. (2) Huge increases 
in peripheral blood ammonia out of all proportion to those found in the physio- 
logic range following a protein meal were necessary to cause significant pouch 
secretion following the oral administration of ammonium citrate. (3) Subtotal 
colectomy with preservation of only the distal 5 em. of rectum in no way altered 
the pouch secretion. (4) Clarke* has shown that the oral administration of 
neomycin does not decrease the hypersecretion in dogs with portacaval trans- 
position. 

The secretagogue responsible for hypersecretion in the animal with porta- 
caval transposition must in some way arise from or be stimulated by a meat 
diet. Since peak secretion does not occur for 6 hours following protein inges- 
tion, it is suggested that the mechanism is related to the intestinal rather than 
the gastric phase of gastric secretion. This is further supported by tha/hact 
that neither antrectomy, as reported by Clarke,‘ nor splenectomy or pancreatee- 
tomy in our own laboratory abolishes such hypersecretion. Perhaps several 
components of a protein meal stimulate hypersecretion in the animal with 
hepatie bypass of portal blood. The present experiments indicate that histamine 
may be the responsible agent. The gastric stimulatory activity of histamine is 
well known. In the normal animal histamine is found in large quantities in 
the portal vein* and appears in the urine in large amounts after a protein 
meal.’ 14 Ingestion of other dietary constituents does not cause an increase 
in urinary free histamine, however.'' According to Updike and associates," 
more histamine is found in the urine after a protein meal than appears in the 
urine during infusion of histamine into a systemic vein in doses which cause 
secretion from a Heidenhain pouch in amounts equivalent to those caused by 
the meat meal. These authors suggested that perhaps histamine is formed in 
the intestine when a protein meal is ingested. In the normal animal the liver 
successfully clears the portal blood of histamine, so that only a minute fraction 
of this gastric stimulatory substance passes into the circulating blood stream. 

When the liver is bypassed, as in an Eek fistula or following transposition of 
the portal vein and vena cava, histamine can be expected to circulate in the high 
concentrations normally found only in the portal vein. This in turn may ae- 
eount for gastric hypersecretion. Supporting evidence for this hypothesis is 
found in these experiments, wherein histamine infused via the hindleg directly 
to the liver of the dog with transposition simulates the pathway of histamine 
released from the intestine of the normal animal, and in turn does not result 
in abnormal gastric secretion. Contrariwise, when histamine is infused into a 
systemie vein of these same animals, the circulating histamine levels can be 
anticipated to be elevated and gastric hypersecretion results. 
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One other possible mechanism for the hypersecretion in these animals 
should be mentioned, although there is as yet no evidence as to its actual ex- 
istence. Since hepatic bypass produced an increased gastric secretion even in 
the fasting state, compared to the levels obtained prior to transposition, a non- 
dietary factor is perhaps operative. This might be a substance (histamine?) 
produced either from the intestine or from the liver itself under the altered 
metabolic conditions of hepatic bypass of portal venous blood. . 


SUMMARY 


1. The hypersecretion from Heidenhain pouches after portaecaval trans- 
position in dogs is greatly reduced by fasting, but fasting secretion is much 
vreater after transposition than before. 

2. Meals of pure protein derivation reproduce the hypersecretion caused by 
a regular mixed diet. Pure carbohydrate or fat diets do not produce such 
hypersecretion, nor does intravenous administration of a mixture of amino acids 
and peptides or oral administration of various amino acids. 

3. Ammonia probably is not responsible for the hypersecretion seen in 


these animals. 

4. The liver renders histamine essentially ineffective as a gastric secretory 
stimulant. It is suggested that the release of histamine into the portal blood, 
which in these dogs bypasses the liver, may be responsible for hypersecretion 
after portacaval transposition. 
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STUDIES ON THE SITE OF ORIGIN OF THE AGENT CAUSING 
HYPERSECRETION IN DOGS WITH PORTACAVAL SHUNT 
JAMES S. CLARKE, M.D., Paut K. McKissocx, M.D. (By Invitation), AND 
KENNETH CruzE, M.D. (By INviration), Los ANGELES, CALIF. 


(From the Surgical Service, Veterans Administration Center, and the Department of Surgery, 
University of California Medical Center) 


IX independent groups of workers have demonstrated increased secretion of 

acid from canine gastric accessory pouches following shunting of the 
portal venous blood around the liver.*: **: * 12 This stimulus to acid secretion 
from perihepatie venous shunts may be responsible for the development of ulcers 
after portacaval shunts in humans and the increased incidence of ulcers in pa- 
tients with cirrhosis of the liver.*:* Precise identification of the nature and 
site of origin of the secretagogues involved is of inherent physiologic interest 
and may be important in designing methods of treatment for patients of this 
type. 

Previous work concerning the nature and source of the agents which cause 
hypersecretion after shunt is conflicting and will be considered later. Available 
evidence suggests that one or more humoral secretagogues are released into the 
portal venous blood from the abdominal viscera, are normally inactivated or 
removed by the liver, and produce enhanced secretion when the portal blood 
is diverted around the liver. The present study was designed to determine 
whether these secretagogues originate proximal or distal to the duodenal-jejunal 
junetion. 

METHODS 


Heidenhain pouches were made from the greater curvature of the stomach in 10 mon- 
grel dogs weighing between 12 and 30 Kg. The spleen was not removed and the nerves 
running along the blood supply of the pouches were left intact. The major vagal trunks 
going to the pouches were necessarily divided. Each pouch was drained by an inlying stain- 
less steel cannula into a rubber football bladder, allowing quantitative collection of the 
pouch secretion for each 24-hour period as described by Dragstedt and his co-workers.5 The 
volume of each 24-hour collection was measured, and its free acid concentration in milli- 
equivalents per liter was determined by titration with 0.1 N NaOH to the color change of 
Toepfer’s reagent. The total HCl output was calculated. Each dog was fed a constant 
amount, varying from 2 to 4 cans in different dogs, of a commercial dog food (Friskies), 
which contains 10 per cent protein, during the entire experiment. Water was given ad 
libitum and the diet was supplemented daily by 1 Gm. of NaCl for each 100 ml. of pouch 
secretion. Collections were begun as soon after operation as the dog resumed its standard 
diet and were continued for 30 days. 

This investigation was supported by Research Grant H-3066 from the National Heart 
Institute, U.S. Public Health Service. : 

Read at the Twentieth Annual Meeting of the Society of University Surgeons, Denver, 
Colo., Feb. 12-14, 1959. 
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After the 30-day control period in each of the 10 dogs, an end-to-side shunt was con- 
structed between the superior mesenteric vein and inferior vena cava below the entrance of 
the renal veins. The superior mesenteric vein was ligated at its junction with the splenic 
vein and divided, and its caudad cut end was implanted into the vena cava (Fig. 2). In 


the dog the inferior mesenteric vein, which drains the colon, enters the superior mesenteric 
The superior mesen- 


ee en eee ee 


vein 0.5 to 1 em. before the superior mesenteric and splenic veins join. 

teric vein drains the small bowel from the area where the duodenum and pancreas diverge 
j down to the ileocecal valve. One small vein runs caudally from the head of the pancreas 
} and duodenum to enter the superior mesenteric vein. In 3 dogs (No. 35, 102, and 156) this 
vein was ligated and the duodenal mesentery was divided from the area where the duodenum 
and pancreas separate down to the junction of the superior mesenteric and splenic veins. 
In the other 7 dogs this was not done. Thus in each dog the major portion of the venous 
return from the ileum and colon was shunted around the liver, while the venous return from 
the stomach, spleen, pancreas, and duodenum, entering the portal vein via splenic and coronary 
veins, continued to pass through the liver. As soon as these dogs were again eating normally, 
pouch collections were resumed and were continued for 30 days with the exception of Dogs 
157 and 76, in which collections were for 15 and 24 days, respectively. 


Fig. 1.—Normal anatomy of canine portal venous system and inferior vena cava. 


: Fig. 2.—Superior mesenteric vein-to-vena cava shunt. The superior mesenteric vein is 
ligated at its junction with the portal vein, divided, and implanted end-to-side into the inferior 


i vena cava. 


, Next 6 of the 10 dogs underwent a portacaval transposition operation as described by 
Child.t_ This was performed cephalad to the previous superior mesenteric vein-to-vena cava 
The coronary vein was preserved, but all other portal tributaries were divided from 


shunt. 
The right adrenal vein was 


its level to the portal bifurcation at the hilum of the liver. 
ligated and divided, and the inferior vena cava was freed up from this level to its entrance 
The portal vein and inferior vena cava were then transected and transposed, 


into the liver, 
As a result the portal vein drained into the 


and the cut ends were anastomosed end-to-end. 
cephalad cut end of the inferior vena cava, so the venous outflow from the spleen, pancreas, 


stomach, and duodenum bypassed the liver. The inferior vena cava and superior mesenteric: 


vein drained into the cephalad cut end of the portal vein, redirecting the venous blood from 
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the ileum and colon through the liver and in addition shunting systemic venous blood from 
the inferior vena cava through that organ (Fig. 3). After 30 more 24-hour collections of 
pouch secretion these animals were sacrificed and autopsied. 


Fig. 3.—Anatomic relations after portacaval transposition. The blood from the superior mesen- 
teric vein is now redirected through the liver. 
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Fig. 4.—Illustrative experiment (Dog 16) showing effect on acid output from Heidenhain pouch 
of superior mesenteric vein to vena cava shunt and subsequent portacaval transposition. 


RESULTS 


The effect of these procedures on pouch secretion are set out in Tables I 
and II and in Fig. 5. An illustrative experiment is shown in Fig. 4. Superior 
mesenteric vein-to-vena cava shunt was followed by increased acid secretion 
from the Heidenhain pouch in 9 of 10 dogs, the mean change being +269 per 
cent. No explanation could be found for the failure of Dog 35 to show an in- 
crease. 

Subsequent portacaval transposition was followed by a fall in pouch secre- 
tion in each of 6 dogs. The final levels were somewhat greater than those 
existing before superior mesenteric vein-to-vena cava shunt in 3 dogs and were 
less in the other 3. The mean change from preshunt levels after transposition 


was +1.7 per cent. 





























4 TABLE I. EFFECT OF SUPERIOR MESENTERIC VEIN-TO-VENA CAVA SHUNT ON SECRETION FROM 
j HEIDENHAIN POUCH 
; MEAN ACID OUTPUT (mEq./24 HR.) 
| DOG NUMBER PRESHUNT | POSTSHUNT | PER CENT CHANGE 
p} ; es pon 
} 96 50.8 19.7 + 49 
ie | 36 0.94 11.3 +1100 
I 102 25.3 84.3 + 233 
} 157 36.6 12.2* + 97 
‘ 209 32.9 48.7 + 48 
4 156 46.7 56.4 + 21 
: 76 3.7 11.7* + 216 
3 120 18.7 | + 98 
F 16 5.7 53.4 + 837 
| 35 40.1 35.2 - 12 
} Mean average 26.14 48.6 + 269 





*All values are mean average of thirty 24-hour collections except No. 157 Postshunt (15 
collections) and No. 76 Postshunt (24 collections). 
Difference between preshunt and postshunt levels is significant at a = 0.03 level by the 


sign test. 
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Fig. 5.—Bar diagram showing effect on acid secretion from Heidenhain pouch of superior mes- 
enteric vein to vena cava shunt (10 dogs) and subsequent portacaval transposition (6 dogs). 


TABLE II. Errect oF SUPERIOR MESENTERIC VEIN-TO-VENA CAVA SHUNT AND LATER 
PORTACAVAL TRANSPOSITION ON SECRETION FROM HEIDENHAIN PouUCcH 








MEAN ACID OUTPUT (mEq./24 HR.) 

















PER CENT PER CENT 
CHANGE FROM CHANGE FROM 
DOG PRESHUNT POSTTRANS- PRESHUNT 
NUMBER PRESHUNT | POSTSHUNT | LEVEL POSITION LEVEL 
209 32.9 48.7 + 48 32.0 — 2.7 
156 46.7 56.4 + 21 233 — 50.1 
76 Wy f 11.3* + 216 5.4 + 45.9 
120 18.7 37.1 + 98 21.7 + 16.0 
16 5.7 53.4 + 837 y A + 35.1 
35 40.1 35.2 - 12 26.4 — 34.2 
Mean aver- 

age 24.6 40.4 +121 19.4 + 17 





*All values are mean average of thirty 24-hour collections except No. 76 Postshunt (24 


collections ). 
Difference between postshunt and post-transposition levels is significant at a = 0.05 level 


by the sign test.‘ 
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The dogs ate well, maintained their weight, and remained in good general 
condition during the experiment. They showed no signs of hepatocerebral in- 
toxication or coma. At autopsy the shunts were open and the livers were 
grossly normal. The 4 dogs who did not underge transposition were lost for 
the following reasons. Dog 96 died from a large perforating ulcer in the pouch. 
At operation for transposition in Dog 36, the cannula had eroded out of the 
pouch and fibrinous peritonitis was present. Dog 102 died shortly after trans- 
position, probably from an unduly prolonged occlusion time while anastomosing 
the veins. Dog 157 died 19 days after shunt from perforation of a 1.5 em. uleer 
in the pouch. 
DISCUSSION 
Lebedinskaja” prepared vagus innervated pouches in 2 dogs. He meas- 
ured the volume, acidity, and peptic activity of juice from the pouch for 5 to 
6 hours after feeding meals of meat, milk, bread, or Liebig’s extract. He re- 
peated these tests after making an Eck fistula and found that the volume of 
secretion increased, the acidity rose, the duration was prolonged, and the peptic 
power diminished. Gerez and Weiss’ confirmed these findings in 3 dogs with 
Pavlov pouches, using a 300 Gm. meat meal to test secretion before and after 
construction of an Eek fistula. These experiments showed that elevated acid 
secretion begins soon after eating in the Eek fistula dog and lasts at least 5 to 
6 hours. They give no clue to the site of origin of the stimulants involved, 
since the time relations are compatible with the secretagogues originating at 
every level. 

Gregory® used dogs with gastric cannulas and denervated gastrie pouches. 
His dogs were splenectomized.? The portal vein was partially ligated with 
cellophane tape, causing gradual occlusion of the vessel by fibrosis. After this 
operation the acid and volume output of the pouch in response to a meal in- 
creased. The maximal secretory response to histamine gradually increased to 
about twice the preoperative level. In 4 dogs sham feeding or teasing with 
food (psychie stimulation) caused considerable response from the pouch, and 
the response to meals began within 15 minutes after offering food. These ex- 
periments showed that enhanced pouch secretion after shunt is associated with 
eating. It occurs when the pouch is denervated by stripping the nerves from 
the blood vessels supplying it, as well as by dividing the vagal fibers running 
in the gastric wall. The presence of the spleen is not required. Most interest- 
ing, a stimulant to gastric secretion is released into the portal blood by vagal 
excitation. Gregory found that this release is inhibited by the accumulation of 
acid in the stomach. It seems probable that this stimulant is gastrin from the 
pylorie antrum, although this is not certain. 

Dubuque, Mulligan, and Neville® found increased 24-hour seeretion from 
Heidenhain pouches after portacaval shunts. We? found a similar profound 
increase in 24-hour pouch secretion after portacaval transposition. Since liver 
function remains good after transposition,’ '* the observed increase in pouch 
secretion is probably not due to parenchymal liver damage. Since the inferior 
vena cava discharges its venous blood into the liver after transposition, the 
inereased acid secretion occurs without the diminished hepatie blood flow seen 
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with an Eek fistula. It therefore seems unlikely that the liver produces the 
secretagogue in question under the stimulus of altered or diminished blood 
supply. 

In 2 dogs we* found that the increased Heidenhain pouch secretion follow- 
ing transposition was unchanged after antrum resection. This observation indi- 
cates that the quantitative importance of gastrin or other substances from the 
antrum, whether liberated by vagal stimulation or by the presence of food there, 
is small compared to that of agents from other sites which become active after 
transposition. 

We also found that the 24-hour output of acid from a Heidenhain pouch 
in dogs with portacaval transposition fell profoundly during a 3-day fast, but 
noted that anacidity developed in only 1 of 12 dogs, the decrease ranging from 
21 to 100 per cent and averaging 71 per cent. The persistent secretion of acid 
during fasting is unusual for a dog with a Heidenhain pouch. It could mean 
that secretagogues continue to be released into the portal blood from the distal 
gut, which is not completely emptied of food and bacteria during this period. 
An alternative explanation is that the continued secretion during fasting is due 
to the stimulant released into the portal blood by vagal excitation as suggested 
by Gregory. We also found that feeding 2 to 6 Gm. of neomycin daily for 
3 days did not reduce pouch seeretion in dogs with transposition. This suggests 
that intestinal bacteria are not important in forming the stimulants to seere- 
tion, but does not prove this, since stool cultures showed the bacteria to be re- 
duced but not eliminated. 

The present experiments demonstrate that the stimulants which cause in- 
creased secretion after portacaval shunt arise predominantly from the duodenum 
distal to its pancreatic portion, the jejunoileum, and the colon. They do not 
localize the site of origin more specifically within these portions of the enteric 
tract. They are open to the eriticism that some small venous anastomoses exist 
between the lower duodenum, small bowel, and colon, which are drained by the 
superior and inferior mesenteric veins, and the stomach, spleen, duodenum, and 
panereas, which are drained by the splenie and coronary veins. Sinee portal 
pressures rise during gastric secretion," some retrograde flow might oceur, 
especially during digestion, from the venous drainage of the upper gastrointes- 
tinal tract into the venous system draining small bowel and colon. We feel 
this is not a foreeful objection to these experiments, since any quantitatively 
significant stimulant originating in the splenic and portal vein area certainly 
should eause enhanced pouch secretion after transposition. 


SUMMARY 

1. Acid seeretion from canine Heidenhain pouches was inereased after su- 
perior mesenteric vein-to-vena cava shunt and returned toward normal levels 
after subsequent portacaval transposition. 

2. These experiments support the view that the agents which cause in- 
creased acid secretion after portal blood is shunted around the liver originate 
predominantly in those portions of the enteric tract drained by the superior 
and inferior mesenteric veins, namely, the duodenum distal to where it leaves 


the pancreas, the small bowel, and the colon. 
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DISCUSSION 
(Papers by Silen and Eiseman; Clarke, McKissock, and Cruze) 


DR. WILLIAM V. McDERMOTT, JR. (Boston, Mass.).—These two papers have elari- 
fied, if not completely at least to some extent, the very intriguing observations on the in- 
creased gastric secretory activity in the Heidenhain pouch after portacaval shunt. Of course, 
ultimately, we are interested in relating these observations to their obvious conclusion—the 
question of peptic ulceration in man following shunt surgery which does not seem to be so 
clear-cut. Even the data which have been collected over the years on the incidence of 
duodenal ulcer and of peptic ulceration in cirrhosis compared to the incidence of this very 
common disease in the general population is not too impressive. 

We have attempted to evaluate our portal systemic shunt from the point of view of 
peptic ulceration. I would not say that the follow-up is complete enough to be very definitive, 
but it does not look as if there were any significant, over-all increase in the incidence of 
peptic ulceration. However, we have had 4 patients recently who, within a very short time 
after portal systemic shunting and without any previous evidence of an ulcer, have developed 
severe duodenal ulceration. This, of course, may be a really critical problem in the patient 
with a portacaval shunt as was evidenced by one man who bled from his ulcer and had an 
open portacaval shunt, went into coma on his way to the hospital, was in severe ammonia 
intoxication and very nearly terminal when he arrived. We were unable to reverse this 
pattern and he died. He had been previously in excellent health with a good result from 
his shunt. Therefore, I think it behooves all of us interested in this field to watch our pa- 
tients very carefully from the point of view of the development of peptic ulceration. 

I wanted to ask why the portacaval transposition was used rather than a shunt. T 
suppose it was to maintain as normal circulation of the liver as possible but, of course, if 
there was a circulating secretagogue which was inactivated by the liver, a large amount of 
the systemic circulation was being diverted back through the liver again. , 
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I also wanted to comment very briefly on Dr. Silan and Dr. Eiseman’s excellent paper 
yesterday on the AV shunt in the gastrointestinal tract. For many years, it has been 
assumed that the increased oxygen tension in the portal circulation was due to intrahepatic 
AV shunts. These experiments demonstrate that while the intrahepatic shunt, noted by 
Knisely and many others, is important, the importance of the AV shunt in the gastrointes- 
tinal tract cannot be negated. This has been confirmed by oxygen saturation studies. When 
one oecludes or divides the portal vein in man with cirrhosis, the oxygen saturation remains 
high on the splanchnic as well as on the hepatic side of the divided portal vein. 


DR. CLARKE.—These two slides bear on the results Drs. Silen and Eiseman have pre- 
sented here. Their work shows that histamine could well be at least one of the important 
agents involved in this process. 

We’ve also been investigating what specific agent or agents might be at work, and 
this slide gives the results of an experiment in a dog, showing the response of the pouch 
secretion to various types of stimulation before and after portacaval transposition. The 
white line shows the response of the pouch to histamine injected into the shoulder muscles 
before transposition; the black line shows the response to histamine given by the same route 
after transposition. It is noted that the acid output in response to histamine is markedly 
increased after transposition, as Gregory has shown. The pouch in the dog with a trans- 
position, for reasons that are not clear, responds with a profoundly increased secretion after 
histamine. 

(Slide.) Our findings in 4 dogs on which secretory studies have been done after feeding, 
before and after transposition, are somewhat at variance with the report we’ve heard here 
today. In response to feeding a protein-containing meal, the secretion was tremendously 
augmented. In response to feeding beef fat from which all the meat had been stripped 
away, we found that before transposition there was initial inhibition of secretion and a 
late rise in secretion. After transposition, these dogs all showed a very marked response 
from the pouch, beginning very soon after the dog ate the fat. Similarly, with a carbo- 
hydrate meal which consisted either of sugar or of bread, there was a marked increase in 
secretion after transposition. This experiment is open to criticism since bread contains a 
fair amount of protein, but there is a conflict in results here that needs to be elucidated. 

With regard to Dr. McDermott’s comments, I think it is certainly not established that 
ulcers are more frequent after portacaval shunt than in a control group, but the ulcers that 
we have seen after portacaval shunt, when they occurred, were very, very severe. They 
eaused death in 3 of 5 patients from bleeding within a year or two after the portacaval 
shunt. Our clinical studies on gastric secretion have not demonstrated any increase in 
gastric acid secretion after shunt so far, but it would perhaps require a fairly specialized 
and sophisticated type of test to show up the effects of this secretagogue. 


DR. SILEN (closing).—It is difficult to explain the differences between our results 
and those of Dr. Clarke in regard to the testing of the effect of fat diets upon the pouch 
secretion after transposition. Originally, we tested Lipomul (a vegetable fat) and then 
investigated the effect of lard (an animal fat). Although very slight rises in secretion 
occurred after the administration of these diets, these changes were in no way comparable 
to those achieved with the protein meal. 

In answer to Dr. McDermott’s question, we used portacaval transposition in preference 
to Eck fistula because we wished to carry out rather long-term experiments. Dogs with 
portacaval transposition remain in much better general condition for long periods of time 
and do not deteriorate nutritionally as do dogs with Eck fistula. Furthermore, I think you 
all are aware that similar increases in gastric secretion have been observed not only after 
Eek fistula but also after partial constriction of the portal vein. 

I do not think that our results are at variance at all with those of Dr. Clarke. There 
is now a good deal of evidence from our experiments and from Dr. Clarke’s work that the 
augmentation of secretion in animals with shunts is a result of the unmasking of the intes- 
tinal phase of gastric secretion. However, it is extremely difficult to assess accurately this 
aspect of gastric secretion in the human, 
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HE plasma level of the steroid hormones secreted by the adrenal cortex is 

elevated in association with the stress of surgical procedures of varying 
magnitude.’ 7® 2° In any specific instance the pattern of adrenocortical steroid 
activity observed should represent a balance between the rate of secretion of 
the steroids and the rate of their metabolism.! Increased secretion by the 
adrenal cortex has been demonstrated.‘! The influence of those factors which 
control the metabolism of the adrenocortical steroids has not been well docu- 
mented insofar as the adrenocortical response to the stress of surgery is con- 
cerned. The steroids, biologically active when secreted by the adrenal cortex, 
presumably undergo intermediate metabolism in the liver, and thereafter, in 
conjugated form, biologically inactive, are exereted in the urine.'* ‘78 Tyler 
and his associates*® and Steenburg and Ganong”? have studied the metabolism 
of the adrenocortical steroids during and following surgical operations. They 
believe that the elevated levels of plasma free 17-hydroxyecorticosteroids which 
they observed were the result not only of increased production by the adrenal 
cortex but also of a decreased rate of metabolism—an extra-adrenal factor. 

Hepatie funetion is known to be impaired in association with the stress of 
anesthesia and surgery.*® 74 2526 Tn view of the recognized role of the liver in 
the conjugation of steroids, it seems logical to suggest that this depression of 
hepatie funetion might interfere with the intermediate metabolism of the 
adrenocortical steroids thus contributing to their observed elevation. 

The experiments upon which this report is based were designed to clarify 
further the relationship between hepatie function and adrenocortical steroid 
metabolism. Alterations in adrenocortical function and hepatie funetion in 
association with the stress of surgery have been observed in normal and Eck 
fistula dogs (end-to-side portacaval shunt) under both normothermia and 
hypothermia. The Eck fistula dog was employed for comparison with normal 
dogs beeause such dogs are recognized to have impaired hepatie function. The 
decision to utilize hypothermia was based on the observation of Bernhard and 
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his associates? that afferent hepatic vascular occlusion was better tolerated 
under hypothermia than under normothermia, suggesting a protective effect of 
hypothermia on hepatie function. If true, hypothermia might reduce the degree 
of impairment of hepatie function usually seen in association with surgery.?® 7? 
5,26 Tn that event a comparison of the adrenocortical steroid response to the 
stress of surgery under normothermia and under hypothermia would aid in the 
evaluation of the relationship between the liver and the adrenocortical steroid 
metabolism. 
METHODS 


Adrenocortical function and hepatic function were documented in association with the 
stress of operation in: (1) 3 normal mongrel female dogs under normothermia, Group I; 
(2) in 3 mongrel female dogs with Eek fistula of at least 3 weeks’ duration under normo- 
thermia, Group II; (3) in 3 normal mongrel female dogs under hypothermia, Group IIT; and 
(4) in 3 mongrel female dogs with Eck fistula of at least 3 weeks’ duration under hypo- 
thermia, Group IV. 

The 3 normal dogs observed with operation performed under normothermia (Group I) 
were also observed with operation performed under hypothermia (Group III). One of the 
3 Eck fistula dogs expired following operation performed under normothermia (Group II). 
The 2 survivors were subsequently operated upon under hypothermia (Group IV). A third 
Eck fistula dog was employed to complete the group of 3 Eck fistula dogs on which operation 
was performed under hypothermia (Group IV). 

Water and food were witheld from the dogs for 17 hours prior to operation. On the 
morning of operation the dogs were anesthetized with intravenous sodium Nembutal. An- 
esthesia was maintained for 1% hours, following which an exploratory celiotomy of 1% 
hours’ duration was performed. Parenteral fluid was not administered during the operation. 
Following recovery from anesthesia the dogs were offered fluid ad libitum. 


When hypothermia was employed, the dogs were wrapped in a rubber blanket through 
which refrigerant was circulated. During the standard period of 1% hours of anesthesia, 
the dogs’ temperatures were lowered to between 29° and 31° C. and were maintained at this 
level throughout the exploratory celiotomy. The dogs were warmed rapidly following 
completion of the operative procedure by circulating warm water through the rubber blanket. 


Adrenocortical steroid activity was documented as follows: 


1. Plasma free 17-hydroxycorticosteroids were determined on the morning of the day 
prior to operation, on the day of operation before anesthetization, at the completion of 1% 
hours of anesthesia, immediately following operation, 1, 2, 4, and 5% hours postoperatively, 
and on the morning of the first, second, and third postoperative days. 

These determinations were performed by a modification of the method of Peterson.15 
The plasma was extracted with methylene chloride and was washed with dilute alkali. An 
aliquot was then re-extracted into a mixture of sulfuric acid and ethanol containing phenyl- 
hydrazine hydrochloride. This colored mixture was read on the Beckman DU spectrophotom- 
eter at 410 mu. 

2. Plasma conjugated 17-hydroxycorticosteroids were determined on the morning of the 
day prior to operation, at intervals on the day of operation and on the morning of the fist 
and third postoperative days. 

These determinations were performed by incubating an aliquot of plasma previously 
extracted with methylene chloride with commercial B-glucuronidase and acetate buffer of 
pH 4.5 for 18 hours at 37° C. Thereafter this mixture was processed in a manner similar 
to that deseribed above for free 17-hydroxycorticosteroids. 


Hepatic function was documented as follows: 


1. The rate of Bromsulphalein clearance was determined preoperatively, one hour post- 
operatively, and on the first and third postoperative days. 
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For this determination 5 mg. of Bromsulphalein per kilogram of body weight was 
injected intravenously. Beginning one minute following injection, 6 venous blood samples 
were withdrawn at intervals of approximately 2 minutes. The percentage retention of 
Bromsulphalein in each sample was plotted as the ordinate (logarithmic scale) against time 
as the abscissa (arithmetic scale). The slope of the tangent of the resulting curve, a pseudo 
first-order reaction, at a time 5 minutes following the injection of the Bromsulphalein, was 
expressed as an excretion rate constant—K,. K, therefore represents the rate at which 
Bromsulphalein is excreted 5 minutes following injection. The higher the figure, the faster 
is the rate of Bromsulphalein clearance. We believe that the rate of Bromsulphalein exere- 
tion expressed in this fashion is a more sensitive index of hepatic function than the standard 
Bromsulphalein retention test in which the percentage of retention of dye 45 minutes follow- 
ing injection is determined.1¢6 

2. Blood ammonia was determined preoperatively and on the first and third postopera- 


tive days. 
These determinations were performed on 1 ml. samples of freshly-shed peripheral 
venous blood by a modification of the method of Conway.6 Ammonia was liberated by 


saturated potassium carbonate, trapped in a modified boric acid buffer, and backtitrated 
with dilute hydrochloric acid of known normality. Normal values of ammonia for this 
method range from 60 to 80 meg. /100 ml. 

Except for samples of blood withdrawn after anesthetic induction, during operation, 
and during the period of recovery from anesthesia, all venipunctures were performed without 
anesthesia. 


RESULTS 


Patterns of adrenocortical and hepatic function associated with the stress 
of exploratory celiotomy will be described as they were observed in each group. 
Where a major difference exists with respect to the data recorded in dogs within 
the same group, this will be discussed. Total data concerning adrenocortical 
function in all dogs are presented in Table I. Total data concerning hepatic 
function in all dogs are presented in Table II. 


Group I. Normal Dogs (Normothermia).—The plasma free 17-hydroxy- 
corticosteroids rose slightly following anesthetization. A sharper rise followed 
exploratory celiotomy with an observed peak 2 hours postoperatively. Levels 
similar to those existing preoperatively were noted on the first postoperative 
day. 

Plasma conjugated 17-hydroxycorticosteroid levels were determined in 2 
dogs. They rose slowly to an observed peak 4 hours following completion of the 
exploratory eceliotomy. Levels on the first postoperative day were essentially 
the same as those existing preoperatively. 

Rate constants for Bromsulphalein clearance (K;) of 0.128, 0.121, and 
0.104 were determined preoperatively in Dogs 50, 58, and 69, respectively. In 
Dog 50 this decreased to 0.089 (from 0.128) one hour postoperatively; in Dog 
58 it decreased to 0.094 (from 0.121) one hour postoperatively. In Dog 69 the 
rate of Bromsulphalein clearance rose from 0.104 to 0.105 one hour postopera- 
tively. It was recorded as 0.126 on the first postoperative day and 0.123 on the 
third postoperative day. This rising rate of Bromsulphalein clearance, imply- 
ing improved hepatic function, suggests that the preoperative rate of 0.104 may 
have been erroneous. This view is supported by the observation that the pre- 
operative rate was 0.120 when determined 3 weeks later before the experiment 


bg TABLE I. ADRENOCORTICAL FUNCTION 
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; 17-OHCH. | 
; GROUP| DOG (mce./100 FRROP./ DAY OF OPERATION ( HOURS ) | POSTOP. 
no. | No. | mt) | 1 | 0/1%/31)41/5{|7 |8%{i1i{2i 8 
58 Free 7.4 7.2 19.0 20.6 21.5 19.6 5.3 2.5 4.2 
“Conjugated 
: 1 50 Free 3.] 2.6 5213.5 140181 17.2 10.7 2.4 0.9 1.0 
; Conjugated 6.8 9.5 12.3 4.6 6.2 
q 69 Free 4.8 88 15.8 26.7 24.2 29.0 16.2 6.3 10.0 20.8 
; Conjugated 5.8 8.2 10.7 2.5 
} 97 Free 4.7 2.6 13.2 24.4 25.2 26.2 23.1 16.8 6.6 6.2 4.3 
: ‘ Conjugated 3.3 15.1 16.418.5 20.5 3.3 2.5 
f 106 Free 3.0 2.8 5316.9 17.9 19.2 22.0 19.6 6.3 1.2 3.9 
- Conjugated 9.3 10.4 15.6 15.0 17.3 10.4 4.6 6.6 
o Free 3.6 5.6 24.0 29.4 23.2 17.1 29.8 29.0 2.1 0.9 4.1 
‘9 Conjugated 16.8 921 24.2 16.8 20.0 9.4 11.1 
58 Free 6.7 4.0 11.1 12.0 11.8 2.3 3.8 5.9 7.8 
% Conjugated 
4 9 50 Free 0.3 0.7 3.3 9.0 15.217.6 5.4 4.1 2.9 4.3 3.4 
‘9 ; - Conjugated 1.9 5.2 3.3 2.2 3.9 
$ 69 Free 65 3.2 10.0 12.2 21.2 31.0 27.6 4.3 1.3 1.5 
3 " — Conjugated 3.9 6.1 6.1 0.5 1.9 
/ 97 Free 7.4 85 97 143.85 3.0 7.9 5.2 4.8 5.2 
ie | ‘ Conjugated 24 67 73 i123 46 7.8 13.9 
4 4 106 Free 8.0 10.4 14.716.1 20.5 21.6 10.1 8.0 3.9 5.3 3.6 
. | Conjugated 9.1 14.7 13.2 13.7 7.1 11.6 
a | 118 Free 6.1 14 40 9.1 8311.9 11.2 5.0 2.8 2.8 1.8 
~ Conjugated 3.5 11.4 a1 8.6 cf 
TABLE II. HEPATIC FUNCTION 
is | | RATE OF BSP | 
C | | CLEARANCE K;, | DAY 
Ld | AND BLOOD DAY OF | | 
Fy GROUP DOG AMMONIA | PREOP. OPERATION POSTOP. POSTOP. 
4 NO. | NO. (McG./100 ML.) | 1 1 HR. POSTOP. 1 3 
1 a BSP 0.121 0.094 0.094 0.098 
. NH** 70 53 62 
1 50 BSP 0.128 0.089 0.101 0.111 
: NH** 64 20 44 
" 69 BSP 0.104 0.105 0.126 0.1238 
3 é NH?*+ 59 31 30 
; 97 BSP 0.058 0.064 0.060 0.088 
; 7 NH* 90.6 186 154 
Q és 106 BSP 0.044 0.037 0.041 0.0438 
; x N H** 80.5 157 179 
3 ~. BSP 0.043 0.036 0.045 
i ‘ NH* 11 119 
j - BSP 0.118 0.099 0.101 0.120 
‘ ™ NH* 16 55 48 
: 9 50 BSP 0.117 0.092 0.099 0.119 
3 : : N H** 58 34 26 
; on BSP 0.120 0.112 0.103 0.112 
, NH* 19 46 34 
97 BSP 0.074 0.064 0.088 0.073 
, NH** 185 89 157 
4 106 BSP 0.044 0.057 0.074 0.071 
NH* 153 93 122 
118 BSP 0.051 0.061 0.057 0.059 
Ne 134 118 104 








; In these tables are recorded data concerning plasma free and conjugated 17-hydroxycor- 
ticosteroids (Table I) and rate of Bromsulphalein clearance and blood ammonia (Table II) 
in normal and Eck fistula dogs operated upon under normothermia and hypothermia. 

Group I—normal dogs, normothermia; Group II—EKck fistula dogs, normothermia; Group 
itl—normal dogs, hypothermia; and Group I1V—Eck fistula dogs, hypothermia. 
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was repeated under hypothermia. Blood ammonia levels did not rise above 
normal during the period of observation. Actually a deerease in levels was 
observed postoperatively. 

Data from a representative experiment in a normal dog operated upon 
under normothermia are graphically portrayed in Fig. 1. The patterns of 
adrenocortical and hepatic function observed in association with the stress of 
exploratory celiotomy in dogs in Group I will serve as controls. These dogs 
will subsequently be referred to as control dogs. 

Group II, Eck Fistula Dogs (Normothermia).—The preoperative levels of 
plasma free 17-hydroxycorticosteroids did not differ significantly in the 3 Eek 
fistula dogs from those observed in control dogs. However, in 2 dogs a peak 
level was noted + hours postoperatively as compared to 2 hours in control dogs 
(Fig. 1). In one of these two dogs the curve of plasma free 17-hydroxy- 
corticosteroids was biphasic. An initial peak occurred in association with opera- 
tion. A fall was noted 2 hours postoperatively with a subsequent rise to the 
highest observed level 4 hours following completion of the operation. In the 
third dog the peak level was observed 2 hours postoperatively. Levels on the 
first postoperative day did not differ significantly from those existing pre- 
operatively. 

Plasma conjugated 17-hydroxycorticosteroids in Eck fistula dogs operated 
upon under normothermia rose postoperatively to higher levels than were noted 
in control dogs. An observed peak occurred 4+ hours postoperatively in 2 dogs 
as in control dogs, and one hour postoperatively in one dog. A fall to pre- 
operative levels occurred by the first postoperative day. 

The rate of Bromsulphalein clearance (K;) was decreased preoperatively 
in the Eck fistula dogs ranging from 0.043 to 0.058 as compared to from 0.104 
to 0.128 in control dogs. In 2 dogs a further slight decrease occurred one hour 
postoperatively. In one dog the rate one hour postoperatively was increased 
slightly. In all 3 dogs the rate of Bromsulphalein clearance on the first post- 
operative day was equivalent to that existing preoperatively. The dog with the 
least preoperative impairment of Bromsulphalein clearance exhibited a pattern 
of adrenocortical response to operation that was quite similar to that observed 
in the control dogs with a peak of plasma free 17-hydroxyecorticosteroids 2 hours 
postoperatively. 

Blood ammonia was slightly above normal in the Eck fistula dogs pre- 
operatively (Tabie I). Following exploratory celiotomy a marked rise oceurred 
with the maintenance of elevated levels until the third postoperative day. 

Data from a representative experiment in an Eek fistula dog operated upon 
under normothermia, as compared to a control dog, are graphically portrayed 
in Fig. 2. 

Group III, Normal Dogs (Hypothermia).—When exploratory celiotomy 
was performed under hypothermia in normal dogs, in two instanees the plasma 
free 17-hydroxyeorticosteroids rose more slowly and fell more rapidly than they 
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Fig. 1.—This linear graph portrays the data recorded concerning adrenocortical and hepatic 
function in a normal dog operated upon under normothermia. 
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i Fig. 2.—This linear graph portrays the data recorded concerning adrenocortical and 


Se hepatic function in an Eck fistula dog operated upon under normothermia (dotted line) as 


compared to a control dog (solid line). 
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had in the same dogs under normothermia. In the third normal dog explora- 
tory celiotomy performed under hypothermia resulted in a rise in plasma free 
17-hydroxyeorticosteroids to higher levels than were observed in the same dog 
under normothermia. 

The rise in plasma conjugated 17-hydroxycorticosteroids in normal dogs 
operated upon under hypothermia was less than that noted in the same dogs 
under normothermia. 

The rate of Bromsulphalein clearance (K;) was decreased in all 3 dogs one 
hour postoperatively when operation was performed under hypothermia. The 
degree of impairment of Bromsulphalein clearance was about the same as was 
observed in the same dogs with operation performed under normothermia. In 2 
dogs a rapid recovery ensued with a return to rates similar to those that existed 
preoperatively by the third postoperative day. In the control experiments the 
rate of Bromsulphalein clearance still was not as rapid as preoperatively by 
the third postoperative day. In the third dog the rate of Bromsulphalein 
clearance was lower on the first postoperative day than one hour postoperatively 
and still was not equal to preoperative rates on the third postoperative day. 
This is the only dog in any group whose rate of Bromsulphalein clearance was 
significantly lower on the first postoperative day than one hour postoperatively. 
This dog, with such marked interference with Bromsulphalein clearance in 
association with the stress of surgery, is the same dog who was noted to have a 
greater adrenocortical response to the stress of exploratory celiotomy under 
hypothermia than under normothermia. 

Blood ammonia levels were not above normal during the period of observa- 
tion. 

Data from a representative experiment in a normal dog operated upon 
under hypothermia as compared to the same dog operated upon under normo- 
thermia are graphically depicted in Fig. 3. 

Group IV. Eck Fistula Dogs (Hypothermia).—In the 3 Eek fistula dogs 
in whom exploratory celiotomy was performed under hypothermia the post- 
operative peak of plasma free 17-hydroxyeorticosteroids was noted at one hour 
in one dog and at 2 hours in 2 dogs. In control dogs the peak was observed 2 
hours postoperatively. In 2 of the 3 Eck fistula dogs operated upon under 
normothermia the peak was delayed until 4 hours postoperatively. The post- 
peak fall was more rapid in 2 Eek fistula dogs on which operation was per- 
formed under hypothermia than it had been in the same Eek fistula dogs with 
operation performed under normothermia. 

The plasma conjugated 17-hydroxyecorticosteroids in Eek fistula dogs oper- 
ated upon under hypothermia did not rise as high as in Eek fistula dogs operated 
upon under normothermia, and rose higher than in normal dogs operated upon 
under hypothermia. 

The rate of Bromsulphalein clearance (K;) in the Eck fistula dogs operated 
upon under hypothermia was depressed preoperatively. When compared with 
this rate, in 2 dogs an increased rate was noted one hour postoperatively while 
in one dog the rate was decreased one hour postoperatively. In all 3 dogs 
preoperative rates were excelled by the first postoperative day. 
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Blood ammonia levels were elevated preoperatively in dogs in this group. 
When exploratory celiotomy was performed under hypothermia a fall toward, 
but not to, normal levels was observed on the first postoperative day. This is 
in contrast to the response in Kek fistula dogs when operation was performed 
under normothermia. In that instance an increase in blood ammonia levels was 
noted on the first postoperative day. 
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Fig. 3.—This linear graph portrays the data recorded concerning adrenocortical and 
hepatic function in a normal dog operated upon under hypothermia (dotted line) as compared 
to the same normal dog operated upon under normothermia (solid line). 


The alterations noted in plasma free and conjugated 17-hydroxyeortico- 
steroids in the Eek fistula dogs with operation performed under hypothermia 
rather closely resembled the pattern of adrenocortical steroid response to the 
stress of exploratory celiotomy observed in control dogs. Data from a repre- 
sentative experiment in an Keck fistula dog operated upon under hypothermia 
as compared to a control dog are graphically portrayed in Fig. 4. Data from a 
representative experiment in an Kek fistula dog with operation performed under 
hypothermia as compared to the same dog with operation performed 
under normothermia are graphically portrayed in Fig. 5. 


DISCUSSION 


In the Eek fistula dog the stress of exploratory celiotomy performed under 
normothermia resulted in a delayed postoperative peak of plasma free 17-hy- 
droxyeorticosteroids and a rise in plasma conjugated 17-hydroxycorticosteroids 
to higher levels than were observed in normal dogs under similar conditions. 
The rate of Bromsulphalein clearance was decreased preoperatively, and blood 
ammonia levels, elevated preoperatively, rose even higher postoperatively in 
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Fig. 4.—This linear graph portrays the data recorded concerning adrenocortical and 
hepatic function in an Eck fistula dog operated upon under hypothermia (dotted line) as 
compared to a control dog (solid line). 

Fig. 5.—This linear graph portrays the data recorded concerning adrenocortical and 
hepatic function in an Eck fistula dog operated upon under hypothermia (dotted line} as com- 
pared to the same Eck fistula dog operated upon under normothermia (solid line). 
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these Eck fistula dogs. Can these observed alterations in the pattern of adreno- 
cortical response to the stress of exploratory celiotomy be explained on the basis 
of impaired hepatie function in the Eek fistula dog? 

Brown and his associates® have reported a delay in the disappearance from 
the plasma of exogenous hydrocortisone in patients with hepatie disease. Mur- 
ray and his associates’ have demonstrated a delay in the disappearance from 
the plasma of exogenous cortisol postoperatively as compared to preoperatively 
in a series of patients undergoing a variety of operative procedures. In these 
same patients they reported that the plasma conjugated 17-hydroxyecorticosteroid 
levels following identical cortisol infusions were higher postoperatively than 
preoperatively. Both of these groups of investigators have discussed their 
results in terms of impaired hepatie metabolism of adrenocortical steroids. 

Interference with hepatie conjugation of plasma free 17-hydroxycortico- 
steroids secreted by the adrenal cortex would account for the delay in attain- 
ment of peak levels of plasma free 17-hydroxyecorticosteroids which we observed 
in the Eek fistula dog. It should not, however, result in elevated levels of 
plasma conjugated 17-hydroxyeorticosteroids. Rather, if there were a delay in 
hepatie conjugation of free adrenocortical steroids, the conjugated steroids, 
representing the products of hepatic metabolism of the free steroids, should rise 
more slowly and, at least during operation and in the immediate postoperative 
period, be lower in the Eek fistula than in normal dogs. Our results, therefore, 
cannot be explained readily on the basis of impaired hepatie conjugation of 
adrenocortical steroids. 

If decreased hepatic conjugation of adrenocortical steroids cannot account 
for the altered adrenocortical response to the stress of surgery of the Eck 
fistula dog, then other factors which influence the plasma levels of the adreno- 
cortical steroids must be considered. The rate of renal clearance of adreno- 
cortical steroids is of importance in this regard. <A direct relationship exists 
between urinary steroid output and volume of urine exereted.* A decrease in 
renal clearance of adrenocortical steroids would be reflected in elevated plasma 
levels of free and conjugated 17-hydroxyeorticosteroids, both of which are 
normally present in the urine. 

However, if decreased renal clearance of the adrenocortical steroids is to 
be suggested as one factor responsible for the difference in the pattern of adreno- 
cortical response to the stress of surgery in the Eek fistula as compared to the 
normal dog, then alterations in the excretion of water in the Eck fistula as 
compared to the normal dog must be demonstrated. In a previous publication 
from this laboratory, the results of studies concerning patterns of antidiuretic 
response to stress in the Eek fistula dog were reported.’ The Eek fistula dog 
was found to have an accentuated antidiuretic response to stress. Although the 
physiologic mechanisms involved in this aecentuated antidiuretic response to 
stress were not entirely clear, presumably they were the result of the decreased 
hepatie functional capacity of the Kek fistula dog. Therefore, decreased renal 
clearance of adrenocortical steroids in the Kek fistula dog secondary to decreased 
output of urine may reflect the impaired hepatie function of these dogs and be 
a contributing factor in the observed elevation of plasma levels of adreno- 


cortical steroids. 
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Two other considerations should be mentioned briefly in this discussion of 
the mechanisms responsible for the altered adrenocortical response to the stress 
of surgery observed in the Eek fistula dog. First, does a stress of the same 
intensity elicit a greater output of steroids by the adrenal cortex in the Eek 
fistula than in the normal dog? Although an obvious reason why this should 
be true is not apparent, such an increased output would explain the elevated 
levels of plasma 17-hydroxycorticosteroids observed following surgery in the 
Eek fistula dog. Second, could the altered adrenocortical response to the stress 
of surgery in the Eck fistula dog as compared to the normal dog be the result 
of biological variation in the response of different dogs to the stress of identical 
surgery? Although this is conceivable, our results are quite consistent within 
the 2 groups of dogs. We do not believe that biologic variation in itself ean 
account for the differences noted. 

In the experiments in which exploratory celiotomy was performed under 
hypothermia, with one exception, the magnitude of the adrenocortical response 
was less in the same normal and Eck fistula dogs than was observed in the 
same dogs when operation was performed under normothermia. In 2 normal 
dogs with operation performed under hypothermia, the rate of Bromsulphalein 
clearance decreased in the immediate postoperative period but returned to pre- 
operative levels more rapidly than in control dogs. The abnormal rise in blood 
ammonia noted postoperatively in the Eck fistula dog did not occur. In facet, 
blood ammonia levels fell postoperatively in the Eck fistula dogs operated upon 
under hypothermia. 

Studies by others have demonstrated a depression in the adrenocortical 
function under hypothermia.** 1° Certainly such a depression would be a 
factor in the diminished adrenocortical steroid response observed in our experi- 
ments when surgery was performed under hypothermia. However, the pro- 
tective effect of hypothermia on hepatie funetion that we believe we have 
demonstrated might also have allowed the adrenal steroids to be metabolized 
at a more rapid rate. The diminished adrenocortical steroid response observed, 
therefore, may represent a balance between decreased adrenal output and more 
efficient hepatic metabolism. 

The prolonged elevation of levels of adrenocortical steroids noted when 
operation was performed on Eck fistula dogs under normothermia was not noted 
when operation was performed under hypothermia. Although our results in the 
Kek fistula dog cannot be applied to the human patient with disease, our find- 
ings would certainly stimulate further investigation of patterns of adreno- 
cortical response to surgical stress under both normothermia and hypothermia 
in individuals with severe hepatic disease. Hypothermia has been advoeated 
previously as a worth-while technique in the management of patients with 
hepatie disease.* * 4 

Analysis of the results of these experiments in normal and Eek fistula dogs 
on which operation has been performed under both normothermia and hypo- 
thermia reveals a definite correlation between the degree of impairment of 
hepatic function preoperatively and postoperatively and the magnitude of the 
adrenocortical response to the stress of surgery. Therefore, it seems logical to 
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suggest that the impairment of hepatie function that occurs in association with 
anesthesia and surgery, in the absence of underlying hepatie disease, may play 
a role in the production of the elevated levels of adrenocortical steroids observed 
following surgical procedures. We cannot estimate on the basis of our data 
the relative importance of increased adrenal output, decreased hepatic con- 
jugation of adrenocortical steroids, and decreased renal clearance of adreno- 
cortical steroids in the determination of the final pattern of adrenocortical 
response to the stress of surgery. 
SUMMARY 


Patterns of adrenocortical and hepatie funetion have been observed in 
normal and Eck fistula dogs in association with the stress of exploratory celiot- 
omy. Operation has been performed under both normothermia and hypo- 
thermia in these dogs. The adrenocortical response to the stress of surgery was 
of greater magnitude in the Eck fistula dog in which impaired hepatie function 
was demonstrated. When operation was performed under hypothermia, the 
adrenocortical response was less than was observed in the same normal and Eck 
fistula dogs when operation was performed under normothermia. The degree 
of impairment of hepatic function noted preoperatively and postoperatively 
correlated quite closely with the degree of alteration from normal of the pattern 
of adrenocortical response to the stress of surgery. 

The significance of these observations is discussed in terms of the influence 
of the liver on adrenocortical steroid metabolism. The impairment in hepatic 
funetion normally occurring in association with anesthesia and surgery may 
play a role in the production of the elevated levels of plasma adrenocortical 
steroids noted in association with surgieal procedures of varying magnitude. 
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DISCUSSION 

DR. RICHARD STEENBURG (Baltimore, Maryland).—I would like to briefly deseribe 
some experiments which were done in Dr. Moore’s laboratory in Boston with the collaboration 
of Drs. Shoemaker and Smith. The first two slides demonstrate the animal preparation 
which was used. It entails the placement of chronie inlying catheters in the hepatie and 
portal veins. Utilizing this preparation, we have studied hepatic extraction of 17-hydroxy- 
corticoids in the normal dog and in the dog immediately following operation. 

In this chronic preparation following adrenalectomy, we have maintained a constant 
infusion of hydrocortisone in an indifferent vein to the point of equilibration of peripheral 
blood levels. Following equilibration, the infusion cannula has then been switched to the 
portal vein. This maneuver effected a considerable rise in portal vein steroid concentration 
without concomitantly altering the rate of steroid infusion. The resultant change and thie 
rate of steroid metabolism, as reflected by the peripheral levels of free steroid in these dogs, 
demonstrate either no change or a slight increase. These studies would seem to corroborate 
those of previous investigators which have indicated that the total rate of metabolism is 
proportional to the rate of infusion. Certainly, in none of these experiments did we observe 
a phenomenon which could be attributed to exceeding a capacity of the liver for steroid 
metabolism. 

In the animal immediately following operation, we have been unable to demonstrate 
a diminished capacity of the liver for steroid extraction, in spite of rises in peripheral levels. 
It seems likely that the apparent delay in steroid metabolism in the postoperative animal is 
not a manifestation of hepatocellular dysfunction. It seems more likely from these experi 
ments that the apparent delay in steroid metabolism postoperatively results from abnormality 
of steroid distribution and/or protein binding. 

Hepatic blood flow was estimated in these studies by the method of BSP extraction. 


Unfortunately, these data are not available to me at this time. 
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DR. MARK A. HAYES (New Haven, Conn.).—Dr. Child asked me to close in his 
behalf on this paper. It is very interesting to see that two ingenious approaches to the 
same problem result in essentially the same impression as Dr. Donovan has given in his 
paper and as Dr. Steenburg has corroborated. We must go back a little to adrenocortical 
surgical physiology in its history to know what exactly or where we are today. We owe a 
great debt, of course, to Dr. Hume, who further elucidated the mechanisms of the release 
of adrenal steroids in response to trauma and operation as shown by Dr. Egdahl’s work. 
We will all agree that the adrenal cortex is necessary to survive traumatie experience such 
as an operative procedure. But, how is this accomplished? We know very little about the 
exact mechanisms by which the adrenal cortex supports life during the course of traumatic 
experience, A very interesting field of investigation is to be pursued. If the adrenal cortical 
response persists after an operative procedure for a long period of time, is it purposeful? 
We do not even know if this is true or not at present. Examine the elevated plasma levels 
that we all are acquainted with and which persist for some 48 to 72 hours after operation; 
are they purposeful or are they just a response to excessive production by the adrenal cortex, 
defective peripheral utilization, altered intrahepatic conjugation, or altered extrahepatic 
conjugation, or are they related entirely to changes in the renal clearances of the steroids? 
All fields must be investigated simultaneously if we are to know exactly where we stand 
today in the adrenocortical response to trauma. This study serves as an excellent departure 
point in defining to us fields of investigation to more carefully delineate for us the purpose 


of the adrenal cortex in trauma. 











EXPERIMENTAL PRODUCTION OF PEPTIC ULCERS WITHOUT 
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N 1953 a method was reported from this laboratory in which duodenal and 
gastric ulcers were produced in dogs. The method consisted of trans- 
plantation of a segment of duodenum, containing the panereatie and _ bile 
ducts, to a different location in the gastrointestinal tract. It was observed 
that gastroduodenal ulcers occurred in the animals when the segment of duo- 
denum was transplanted into the colon or into the terminal ileum within 75 


°° 


em. of the ileoceeal valve.’ * 
The present report is an extension of these studies in which the produe- 
tion of hydrochloric acid by Heidenhain pouches has been determined in these 
experimental procedures. 
METHODS 


Female mongrel dogs which weighed 10 to 18 Kg. were used. Initially a Heidenhain 
pouch was created from the greater curvature of the stomach. A control period for col 
lection of pouch secretion was obtained for 4 weeks or more until the level of secretion 
was stable. The segment of duodenum, containing the pancreatic and bile ducts, was then 
transplanted distally in the intestinal tract in an end-to-end, isoperistaltic fashion accori- 
ing to the technique previously described? (Fig. 1). Animals were studied in which the 
duodenal segment was transplated either to the mid-portion of the small intestine, or to 
the terminal ileum within 50 em. of the ileocecal valve, or to the transverse colon. 

In the immediate postoperative period transfusions of whole blood and intravenous 
infusions of fluids were administered when needed; thereafter, the animals were fed a 
regular stock diet. Animals that succumbed with distemper or from operative complica- 
tions have not been included in this study. Animals that had unsatisfactory collections 
due to displacement of the cannula from the pouch or other technical problems also were 
excluded. 

Collection of gastrie juice from the Heidenhain pouches was made every 24 hours 
and a sample was titrated for free acid. The acid production was then caleulated for the 
24-hour period and was expressed as milliequivalents of hydrochloric acid. Daily collee- 
tions of pouch secretion were made until the animal expired or was sacrificed. 

The response of pouch secretion to feeding was also determined in animals with the 
duodenal segment interposed in the mid-portion of the small intestine and in the terminal 
ileum. After a period of fasting for 12 hours or more the Heidenhain pouch was emptied 
and the animal was fed a standard meal of ground meat which it consumed in 15 minutes. 
Collections were then made at 14-hour intervals. The free acidity was determined for 
these samples and charted as milliequivalents of hydrochloric acid. Each point in the 
chart represents an average of four or more determinations. 

Supported by the William Malcolm Fund and the Booth-Ferris Foundation. 
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RESULTS 


In 3 animals the duodenum was transplanted to the mid-portion of the 
small intestine after a Heidenhain pouch had been constructed. These prep- 
arations were studied 1 to 3 months. Peptic ulceration was absent in all 3 
animals. In all 3 animals the 24-hour production of acid after duodenal trans- 
plantation exceeded the amount produced by the pouch before transplanta- 
tion. The average for the 3 animals demonstrates a small increase in the 
secretion of acid from the pouches. (Table I.) 





Fig. 1.—Duodenal Transplantation to other sites in the gastrointestinal tract. 


In 10 animals the duodenum was transplanted to the terminal ileum 
within 50 em. of the ileoceeal valve. Four animals developed duodenal ulcer- 
ation although the pouch secretion of acid decreased or remained unchanged 
in 3 of these animals. Six animals were followed 1 to 3 months after duodenal 
transplantation without the appearance of ulceration. Four of these animals 
were found to have diminished acid production and two an increased acid 
production by the Heidenhain pouch after transplantation. In this group of 
10 animals there was a small decrease in the average level of 24-hour acid 
production after duodenal interposition. 

Transplantation of the duodenal segment to the colon was accomplished 
in 2 dogs and ulcerations occurred in both. Production of acid by the Heiden- 
hain pouch was decreased after the duodenal segment had been placed in the 


colon in each ease. 














72 OKINAKA, MOODY, DINEEN, BEAL, AND MARTIN hg 
July, b) 


TABLE I. Errect oF DUODENAL TRANSPLANTATION ON 24-HoUR SECRETION BY HEIDENHAIN 
POUCHES IN Dogs 








AVERAGE PREOPERATIVE AVERAGE POSTOPERATIVE 











DOG NUMBER (MEa. Hcl/24 HR.) (MEa. Hcl/24 HR. ) 
A. Transplantation of duodenum to mid-portion of small bowel 
8 4.6 18.2 
684 7.1 9.3 
747 11.7 12.9 
Average: “es 13.4 


B. Transplantation of duodenum to terminal ileum 


605* 7.0 17.6 
104* 0.8 0.8 
135* 1.7 0.7 
792* 19.0 7.4 
708 11.1 19.1 
346 10.7 5. 
300 1.3 0.6 
330 24.5 5.8 
675 3.5 3.0 
755 9.7 3.9 

Average: 8.9 7.6 

C. Transplantation of duodenum to transverse colon 

677* 6.1 1.0 
842* 4.2 3.8 








*Developed peptic ulceration. 
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HOURS AFTER FEEDING 


Fig. 2.—Response of Heidenhain pouch secretion to feeding after duodenal transplantation. 


The secretory response to feeding was studied in the animals with the 
duodenal segment interposed in the mid-portion of the small intestine and in 
animals with the duodenal segment interposed in the terminal ileum within 
50 em. of the ileocecal valve. Control studies demonstrated a rise in acid 
secretion from the Heidenhain pouch that reached a maximum peak 414 hours 
after the standard meal. After the duodenal segment had been transplanted, 
in both cases the maximum peak of acid secretion did not oceur until 714 
hours after the standard meal. (Fig. 2.) ; 
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DISCUSSION 


The notable finding with the duodenal transplantation in the previous re- 
ports was the development of duodenal and gastric ulcerations when the duo- 
denal segment was interposed in an isoperistaltic fashion in the terminal ileum 
or in the colon, and the absence of ulceration when the mid-portion of the 
small bowel was used. The present study of 24-hour gastrie acid secretion, 
as determined by Heidenhain pouches, has shown that there is not significant 
difference in acid production with the segment of duodenum transplanted 
either to the mid-portion or terminal small intestine. The acid production by 
the pouch decreased when the segment was interposed in the colon, although 
duodenal and gastric ulcerations occurred. 

The gastrie secretory response to feeding was altered after duodenal 
transplantation in the two types of animals studied. The maximum secretory 
response appeared 3 hours later than it did in control studies, regardless 
of whether the duodenum was transplanted to the mid-portion or terminal 


small bowel. 

An explanation of these findings is not apparent. It would appear from 
the time lag that the change in secretory response to feeding is related pri- 
marily to the intestinal phase of gastrie secretion. The similarity of acid 
production observed from the 24-hour Heidenhain pouch collections and from 
the secretory response to feeding for the animals with the duodenal segment 
interposed in the mid-portion and in the terminal portion of small intestine 
would suggest that some factor other than acid is responsible for peptic 
ulceration. Clarification of this mechanism will require further study. 


CONCLUSION 


The 24-hour Heidenhain pouch secretion was studied in 15 dogs with the 
duodenum transplanted to various sites in the gastrointestinal tract. The 
secretory response to feeding was also studied. The similarity in acid seere- 
tion of the animals with the duodenum transplanted to the mid-portion and 
terminal portion of small intestine suggests that some factor other than acid 
is responsible for peptic ulceration in these preparations. 
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DISCUSSION 


DR. EDWARD R. WOODWARD (Gainesville, Fla.).—I am reminded of an editorial 
written some 20 years ago by Dr. Dragstedt in which he advocated that ulcers in and 
about the stomach should be referred to as “acid ulcers” rather than as “peptic ulcers.” 
He was referring, of course, to the very basic and very simple biochemical fact that pep- 
sin, in order to exert its proteolytic effect on either living or dead tissue, must work at 
a pH of less than 3.5, so that the presence of acid is an absolute essential to the forma- 


tion of a peptic ulcer. 
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The authors have concluded with the statement that some factor other than acid 
must be responsible for peptic ulceration in the present experiment. Of course, there are 
other factors in peptic uleeration—some known, some suspected, and very likely some 
unknown; but I do not believe that we need to indict other factors in the cause of ulcer 
in the present experiment. 

We have followed the dictum in the experimental production of peptic ulcer that, 
whenever there can be produced an imbalance between the amount of acid secreted and 
the neutralizing and buffering mechanisms present to counteract this secreted acid, experi- 
mental ulcer will regularly occur. You will recall that some 25 years ago Mann and Wil- 
liamson followed the experimental lead of Exalto in what they called “internal duodenal 
drainage.” They felt that by introducing the alkaline duodenal fluids into the ileum at 
a great distance from the gastric outlet that they would interfere with the neutralization 
of acid and that ulcer would occur. I can remember being taught this as a medical stu- 
dent in physiology. However, about 10 vears ago we happened to study the secretion 
from Heidenhain pouch dogs that were then converted into the Mann-Williamson pro- 
cedure and found a very pronounced hypersecretion of acid gastric juice. This has never 
been explained as far as I know. We found in the same dogs that there was a rather 
striking metabolic acidosis and I would like to ask Dr. Okinaka if these dogs had any 
disturbance in their acid-base balance. 

Of course, the Mann-Williamson dog has rather severe diarrhea. He has all the 
fixed base from the duodenal fluids dumped into the colon with very little opportunity 
for reabsorption and this probably accounts for the acidosis. Whether there was any 
relationship between this hypersecretion of gastric juice and the metabolic acidosis is un- 
known. It would be interesting to know if Dr. Okinaka’s dogs did have some acidosis 
and yet did not have the hypersecretion characterizing the Mann-Williamson dog. 

I feel that the authors have succeeded in the experiment that was originally con- 
ceived many years ago by Exalto and later by Mann and Williamson; that they have 
literally produced a relative imbalance in the neutralizing mechanisms available rather 
than by the usual experimental method of increasing acid production. We could, per- 
haps, paraphrase MacArthur’s famous statement, “Old experiments never die, they take 
on a new twist.” 

DR. HENRY N. HARKINS (Seattle, Wash.).—I would like to ask the speaker whether 
he has any data concerning secretion from the main stomach in addition to his interesting 
figures for Heidenhain pouch secretion. In Seattle we are very partial to Heidenhain pouch 
studies, but we have noticed that there may be an inverse relationship between the amount 
of secretion from the Heidenhain pouch and that from the main stomach. In fact if one 
assumes there is such a thing as acid-inhibition of the antrum, which we believe does exist, 
one might almost infer that the more secretion there is from the main stomach the less there 
would be from the Heidenhain pouch and vice versa. Therefore, actually the experiments 
presented today might even be inferred to be in support of the importance of acid in the 
production of peptic ulcer rather than to demonstrate an exception to this rule. In other 
words, in the experiments in which stomal-type ulcers developed and in which there was a 
decrease in acid production from the Heidenhain pouch, there might actually have been an 
inerease in production of acid from the main stomach. 

In summary, therefore, while we are very much in favor of using Heidenhain pouch 
experiments for the elucidation of problems of gastric secretion, at the same time we wish to 
point out that not only must caution be used in applying the results of acid studies from 
the pouch to conelusions concerning acid production from the main stomach but also it is 
possible that there may be an inverse relationship between the two. 


DR. BEAL (closing).—We have tried to refrain from drawing any very: definite con- 
clusions on this work and have presented it because it has been provocative in our 
thoughts about ulcer. There are certain differences in this preparation when it is con- 
trasted with the Mann-Williamson procedure and the related operations of internal drain- 
age, however, that need to be considered. In these animals, the pylorus is intact. The 
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anastomosis is performed between one end of the duodenum and the other. In these 
animals, the intestinal contents at some time pass over the duodenal segment that has 
been interposed elsewhere in the intestinal tract. In the Mann-Williamson operation 
the duodenum is placed at the end of the blind segment that is isoperistaltic and the 
duodenum is in a constant alkaline environment. All of these factors might have some 
bearing upon the secretory response. Dr. Woodward raised a very interesting question 
that we are working on. He inferred that perhaps there might be regurgitation of the 
intestinal contents upward from the segment where the duodenum is in the mid-small 
bowel. We have been unable to indirectly determine any evidence for such regurgitation 
and now have valves that are designed after those of Dr. Dragstedt. We have such valves 
in place in dogs. These are extremely difficult to keep in place. We have one dog that 
went 30 days without development of an ulcer and another 40. This latter animal is still 
alive. There has been no evidence of acid-base imbalance in the dogs in which the duo- 
denal segment has been transposed to the ileum. The terminal colon represents a some- 
what different problem and this is an acute ulcer that developes in 10 to 14 days. In 
response to Dr. Harkins’ very pertinent question, we have actually no data at all in that 


regard. 











THE EXPERIMENTAL PRODUCTION OF ATROPHIC GASTRITIS 
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(From the Departments of Medicine, Surgery, and Pathology of the University of 
Oklahoma Medical Center) 


WENTY years ago, Brunschwig** 1! demonstrated that gastric juice, if 

given intravenously, inhibited the acid secretion of the Heidenhain pouch 
response to a test meal. Ten years later, Code'* ° confirmed and extended this 
observation. Both investigators showed that this inhibiting property was 
present in normal human gastric juice, although it appeared to be most potent 
in the gastric juice from patients with achlorhydria from any cause, Smith 
and associates,'® at the University of Oklahoma Medical Center, again con- 
firmed the basie observation and added evidence that the inhibiting property 
of gastric juice was: (1) unrelated either to the induction of fever or to 
injection of foreign protein or mucinous substances, (2) not destroyed by 
boiling the gastric juice, and (3) apparently specific for the hydrochloric acid 
secreting mechanism, leaving pepsin and nitrogen production unchanged. 
Further definition of this property of gastrie juice is being sought in this 
laboratory. However, the unexpected development of atrophic gastritis't by 
the dogs receiving injections of gastric juice prompted the following study. 


MATERIALS AND METHODS 


Gastric content was aspirated from healthy, fasting, human volunteers. The juice 
was dialyzed, lyophilized, and stored at room temperature. The powdered material was 
prepared for injection by reconstitution with isotonic saline. It was administered intra- 
venously in 15 mg. doses in accordance with the dose-response curve previously reported for 
this material from this laboratory.13 

Seven healthy mongrel dogs weighing approximately 15 Kg. each were studied. One 
dog served as a noninjected control. The remaining 6 dogs received injections of 15 mg. 
of gastric juice intravenously twice each week: 3 dogs continuously for 3 months and 3 
dogs continuously for 6 months. All dogs underwent biopsy of the full thickness of the 
fundus of the stomach prior to any injections, and again at 6 weeks, 3 months, 6 months, 
and 9 months after the start of the injections. At the time of each biopsy gastric juice 
from each dog was analyzed for the presence of hydrochloric acid. 

All biopsies were fixed immediately in Baker’s solution, prepared in paraffin blocks, 
sectioned, and stained with hematoxylin and eosin and Azan connective tissue stains. 


RESULTS 


The stomachs of all 7 dogs were histologically normal, and all were secreting 
hydrochloric acid prior to the start of injections. The noninjected control 
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animal remained normal throughout the 9-month study period. Four micro- 
scopic features of the normal gastric mucosa should be noted for later reference 
(Fig. 1): (1) the height of the mucosa, (2) the regular, parallel arrangement 
of the long gastric glands, (3) the abundance of parietal cells, and (4) the 
paucity of connective tissue. 

The injection and biopsy program, as well as the observations in all animals, 
are summarized in Table I. The following comments will aid in interpreting 


the data. 





Fig. 1.—Normal gastric mucosa. (150, reduced 4%.) 


Six Weeks.—One dog is already achlorhydric. All injected dogs demon- 
strate early atrophic gastritis (Fig. 2). 

Three Months—Four dogs are now achlorhydric. All injected dogs show 
increased gastric atrophy. The mucosa is flattened, long gastric glands are less 
regular, parietal cells are now scarce, and there is moderate connective tissue 
proliferation (Fig. 3). Injections now ceased for Dogs 4, 6, and 8. 

Six Months.—Of 5 dogs studied, all are now achlorhydric. Note that this 
includes those in which injections had ceased 3 months earlier, one of which had 
had acid at that time. Progression of the gastric lesion to an alarming degree 
is apparent in the dogs in which injections had continued (Fig. 4). To our 
great surprise, there was also progression of the gastric atrophy in the dogs in 
which injections had ceased 3 months earlier (Fig. 5). Injections now ceased 
for the remaining 3 dogs. 


Nine Months—Hydrochlorie acid has reappeared in 2, and possibly 3, of 


the 5 dogs studied at this time. There is a significant reversal of the atrophic 
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Fig. 4. Fig. 5. 


Fig. 2.—Gastric mucosa after 6 weeks of injections. (150, reduced 4%.) 

Fig. 3.—Gastric mucosa after 3 months of injections. (150, reduced 4%.) 

Fig. 4.—Gastric mucosa at 6 months after 6 months of injections. (150, reduced %,.) 

Fig. 5.—Gastric mucosa at 6 months: 3 months following 3 months of injections. 
(X150, reduced 4%.) 
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gastritis in both the 6-month injected group (Fig. 6) and the 3-month injected 
group (Fig. 7). The height of the mucosa has increased and the parietal cells 
have reappeared. The increased connective tissue remains. 

All dogs remained healthy in appearance and maintained their weight 
throughout the study period. Periodic analysis of peripheral blood did not 
reveal any abnormalities. 





Fig. 6. Pas. 7. 


Fig. 6.—Gastric mucosa at 9 months: 3 months after 6 months of injections. (150, 
reduced 46.) 

Fig. 7.—Gastric mucosa at 9 months: 6 months after 3 months of injections. (150, 
reduced 4%.) 


DISCUSSION 


It is generally accepted that hydrochloric acid is secreted by the fundus 
of the stomach in response to appropriate stimuli. These stimuli are mediated, 
in turn, by the vagus nerve, the antral-humoral agent, gastrin, and certain 
intestinal factors still awaiting further clarification. On the other hand, one 
is constantly faced with clinical states, such as pernicious anemia and gastric 
carcinoma, in which gastric seeretion is depressed, in spite of the presence of 
the stimulating mechanisms. 

It is tempting to postulate the existence of mechanisms designed to inhibit 
gastric secretion ; indeed, that regulation of gastric secretion is dependent upon 
a physiologic balance between stimulating and inhibiting influences. Dragstedt'® 
has suggested that secretion of hydrochloric acid is self-regulating, that is, the 
fall in antral pH paralyzes the gastric phase of gastric secretion by blocking 
the release of gastrin. On the other hand, human gastric juice has repeatedly 
been shown to contain a factor which, when given intravenously, actively in- 
hibits the secretion of hydrochloric acid by the fundus of the stomach in spite 
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of stimulation. Whether or not this factor represents a specific parietal cell 
depressant, elaborated by the antrum, has not been established, The answer to 
this question, as well as other possible explanations of the inhibiting property 
of gastric juice, is currently the subject of intensive study in our laboratory. 

The appearance of atrophic gastritis in the stomachs of dogs receiving intra- 
venous injections of gastric juice raises additional questions. An antigen- 
antibody reaction, manifest primarily at the level of the gastric mucosa, is be- 
ing considered. Preliminary work indicates that no changes take place in the 
jejunum, liver, or pancreas of the experimental animals. Furthermore, the 
atrophie gastritis is apparently limited to the mucosa of the intact stomach since 
it is not observed in the mucosa of a denervated Heidenhain pouch in the same 
animal.** 

The biologic implication of the observation that the gastric juice of patients 
with pernicious anemia and gastric cancer is more potent in inhibiting properties 
than normal gastric juice is worthy of detailed study. In this regard, the 
properties of the hypersecreted gastric juice from patients with peptic ulcer, as 
well as the therapeutic possibility of utilizing a preparation of gastric juice in 
the control of hypersecretion, are still under investigation. 

CONCLUSIONS 

1. Human gastric juice from healthy volunteers contains a factor capable 
of inhibiting gastric secretion when given intravenously to dogs. 

2. In dogs, twice weekly intravenous injections of human gastrie juice re- 
sults in atrophic gastritis, achlorhydria, and disappearance of parietal cells, 
within a 6-week period. 

3. Progression of the atrophic gastritis was evident for 6 months, at which 
time all dogs were achlorhydrie including those in which injections had ceased 


after 3 months. 
4. The experimentally produced atrophic gastritis and achlorhydria were 
at least partially reversible. 
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DISCUSSION 

DR. LLOYD M. NYHUS (Seattle, Wash.).—The work of Dr. DuVal and his colleagues 
reported today is undoubtedly the most exciting facet of gastric physiology being studied 
currently. The possibility of a true gastric secretory inhibitor substance has been the 
subject of much experimental study during the past few years in our laboratory as well 
as in the laboratories of Drs. Woodward, Jordon, and Harrison. 

That this inhibitor substance is elicited by the antrum seems most probable, since 
it would appear the juice from total parietal cell pouches is essentially lacking in this 
substance. 

Experiments in our laboratory indicate that the vagus nerve plays an important role 
in controlling intrinsic gastric secretory inhibition. Thus, if the inhibitor substance is 
indeed a true hormone elicited by the antrum and its release is decreased by vagotomy, 
the clinical approach to peptic ulcer disease by vagotomy and antrectomy seems more 
attractive than vagotomy and pyloroplasty. 

The production of atrophic gastritis utilizing IV human gastic juice connotes the 
possibility of our gaining some insight into the relationship of this entity and gastric 
earcinoma. The failure of this change to assert itself on the vagally denervated Heiden- 
hain pouch again brings out the relationship of the vagus nerve to this inhibitor substance. 
Dr. DuVal and his colleagues are to be congratulated for reopening this field. The 
presence of new laboratory aids such as dialyzers, lyophilizers, and electrophoretic ap- 


paratus will undoubtedly open many new vistas. 


DR. FRANCIS D. MOORE (Boston, Mass.).—There is an aspect which attracts my 
attention as I heard the paper. Could certain substances be lost in your dialysis, leaving 
behind larger proteins? The fact that some gastric preparations act as stimulants and 
others as inhibitors might here account for the fact that in your dialysis you have gotten 
rid of some factor which either would neutralize the inhibition or in itself be a stimulator. 
[ would like to know your thoughts on this possibility and also whether you have ever 
taken the dialysis fluid and lyophilized it to see if in it is a naturally balanced antago- 
nistie stimulator. 


DR. EDWARD L. HOWES (New York, N. Y.).—Some years ago (1949) we sue- 
ceeded in eliminating the parietal cells in the stomach of rats by ligating gastric vessels 
and at the same time stimulating the secretion of acid with histamine. “Intestinaliza- 
tion’? followed and the entire stomach was converted into mucosal cells. Further, we 
thought we had leverage on the problem of cancer of the stomach because we had only 
to feed carcinogens to these animals and keep a similar group for controls and that either 
might develop malignancies. Instead, we were plagued by the regeneration of parietal 
cells. 

It seems to me your method offers a way of retaining intestinalization and preventing 
the return of the parietal cells. Have you tried further destruction of parietal cells and 


can you prevent their regeneration? ‘ 
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DR. JAMES D. HARDY (Jackson, Miss.)—Does Dr. DuVal have any comment on 
what the incidence of carcinoma of the stomach is in vagotomized patients as contrasted 
with a comparable group in the population at large? 


DR. DU VAL (closing).—Dr. Moore’s suggestion with respect to the use of dialysis 
in preparation of this material is very pertinent. We have, however, dialyzed all of the 
material that we have used as controls. This includes saliva. It includes human albu- 
min, ovarian cyst fluid, synovial fluid, bovine vitreous, and so forth, and we have been 
able to get this effect only from human gastric juice. We have not tried repeating this 
experiment using the dialysate but we will do so. 

Dr. Howes has asked, with respect to the prolongation of injections, whether or not 
we can keep this atrophy permanent, or, whether we can make it go on to a more serious 
stage. Obviously, we did not anticipate the results that we got and discontinued the in- 


jections in order to find out if it was reversible, because the total series only consisted 
of 7 dogs. We did not have enough to keep injecting and make it worth while. We have 
restarted that project. We have no information with respect to Dr. Hardy’s question on 
the incidence of carcinoma in vagotomized patients. Personally, I have never seen one. 











THE STIMULATION OF BONE GROWTH BY INTERNAL HEATING 


Vicror Ricuarps, M.D., ANp RayMonp Storer, D.V.M. (By INvitaTIon), 
SAN FRrANcIsco, CALIF. 


(From the Surgical Laboratories, Department of Surgery, Stanford University School of 
Medicine ) 


INTRODUCTION 


EMPERATURE and oxygen tension are probably the two most important 

physical variables affecting living cells. Physiologie alteration of either or 
both of these might influence the rate of growth of bone. The alteration of 
bone growth must be unilateral and localized to be of clinical significance. The 
possible experimental approaches for unilateral alteration of the rate of bone 
growth would in theory include: (1) augmentation of blood flow unilaterally, 
(2) inerease of tissue oxygen tension unilaterally, (3) localized heating of the 
epiphyses unilaterally, (4) application of unilateral distracting force to the 
epiphysis, and (5) unilateral stimulation of the nerve to a growing bone. 

Clinically, discrepancy of the length of the legs is a very frequent and often 
a very severe disability. Poliomyelitis is by far the most common cause of a 
short leg, ranging in frequency from 60 to 90 per cent of all cases treated. The 
cause of the inhibition following poliomyelitis has not been clarified, but it 
seems to be related to the severity of the paralysis. The disturbed growth does 
not seem to begin until a year or more after the acute phase of poliomyelitis, 
and attempts to correlate the slackening of growth with diminution of cireula- 
tion have not been universally successful. The postpoliomyelitie limb is cool, 
atrophic, and without good vasomotor control, but the minute volume of blood 
flow through the limb is not invariably decreased on measurement. This may 
in part be related to the difficulties of accurate measurement of blood flow to 
the various parts of an extremity, particularly the bone. 

Other conditions causing a retardation of bone growth followed by in- 
equality in length of the extremities are infections, tumors, or trauma in the 
vicinity of the growing epiphysis of the bone. These conditions are tabulated 
in Table I. 


TABLE I. CONDITIONS RETARDING GROWTH 











CONGENITAL | INFECTIONS | TUMORS | TRAUMA 
Hemiatrophy Poliomyelitis Osteochondroma Fracture near epiphy- 
Chondrodysplasia (en- Tuberculosis (hip, Giant-cell tumors sis (femur, tibia) 

chondromas, exosto- knee) Osteitis fibrosa eys- Operative measures 

ses ) Suppurative arthritis tica generalisata near epiphysis 
Dislocation of hip Osteomyelitis (epiphy- Epiphyseolysis 
Hypoplasia of femur sis of femur or Roentgen ray irradia- 

or other long bones tibia) tion of epiphysis 





This work was supported by U.S. Public Health Service Grant #A 906-C. 
Read at the Twentieth Annual Meeting of the Society of University Surgeons, Denver, 
Colo., Feb. 12-14, 1959. ? 
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Stimulation of bone growth has been noticed clinically in association with 
vascular disorders of the limb, particularly if the lesion is that of a congenital 
diffuse hemangioma. Congenital arteriovenous fistulas have also been noted to 
produce a stimulation of bone growth. Here the stimulus is operative from 
birth, and the inequality of growth may be quite striking. The traumatic 
arteriovenous fistulas occurring during the growth period may produce some 
discrepancy of bone growth, but since the time available for the fistula to alter 
erowth is generally short, marked inequalities of length do not oeeur. The 
stimulus to inereased bone growth under these conditions is not completely 
understood, but it has been suggested to be the result of either (a) increased 
volume flow of blood through the limb, or (b) alteration of oxygen tension to 
the growing epiphysis. 

Two other clinical disorders produce noticeable lengthening of a limb. 
These are a chronic Brodie’s abscess and neurofibromatosis of a localized type. 
The stimulus to increased growth in a Brodie’s abscess is augmentation of the 
circulation or alteration of the oxygen tension of the limb. The cause of dis- 
turbed growth and other associated bone deformities in neurofibromatosis is 
not clear. Table IT illustrates the common causes of stimulation of bone growth. 


TABLE II. CONDITIONS STIMULATING GROWTH 











CONGENITAL | INFECTIONS | TRAUMA | TUMORS 
Hemihypertrophy Osteomyelitis (diaphy- Fracture of diaphysis Neurofibromatosis 
Arteriovenous fistula sis of femur or of femur or tibia Hemangioma 
Hemarthrosis in he- tibia ) Operative measures Lymphangioma 

mophilia (knee Brodie’s abscess near diaphysis (tak- Giant-cell tumors 

joint ) Tuberculosis (metaphy- ing of bone graft) Osteitis fibrosa cystica 
sis of femur or localisata 
tibia) 


Syphilis (femur, tibia) 

Elephantiasis after 
soft tissue infections 

Thrombosis of femoral 


vein 
Chronie soft tissue in- 
feetions 





The treatment of limb inequalities by lengthening the shorter member has 
never gained wide acceptance because of the inherent difficulties of the proce- 
dure. An osteotomy of the bone must be performed, distraction of the fracture 
is essential, the soft tissues must be stretched slowly, and alignment and bony 
union of the fracture fragment must be maintained until bony union occurs. 
Lengthening of the leg bones has been most commonly performed in the tibial 
shaft, a region notoriously prone to delayed union and nonunion. Weight bear- 
ing may be contraindicated for as long as a year or more. The gain in length 
may not approach the desired amount despite resolution of all the attendant 
difficulties. 

The initial theoretical considerations judged in the light of clinical observa- 
tions led us to feel that it might be profitable to study the effects of unilateral 
bone heating on bone growth. The purpose of this report is to record our 
experiences on the effects of unilateral heating on bone growth, and make some 
initial observations on associated problems in bone healing. 
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METHOD 


The experimental animals have included rats initially and then dogs. The growth 


curves of the tibia of rats and femur of rats have been carefully studied by 
associates.15 The limb growth of a rat follows a rapid and constant rate between the tenth 
and fortieth days of life, and the epiphyses close with cessation of growth shortly after 40 
days. We used an inbred strain of white rats (Addis strain) from a Stanford colony, and 
initiated the heating at the twenty-fifth day of life. 


Simpson and 


Nichrome wire, size 32, 17 em. long, was wrapped four times around the distal end of 
the femur of a 25-day-old rat. The ends of the wire were passed subcutaneously to the 
dorsum of the animals and run out through the dorsal skin to predesigned terminals 
fastened to the backs of the animals. The femur of the opposite leg was similarly operated 
upon, wrapped in the same manner with the No. 32 nichrome wire, but the leads were cut 
off subcutaneously. The terminal was a pad of tape with two small machine screws. The 
pad was sutured to the skin. Alternating current of approximately 1.1 volts was connected 
to the terminals to heat one leg. The other leg remained as the wrapped but unheated 
control, and underwent in every way procedures identical to the experimental leg with the 
exception of the application of heat. 

Initial experiments were performed with anesthetized animals to permit measurement 
of the bone temperatures during heating and simultaneous measurement of the body tem- 
perature rectally. The rise in bone temperature in the intramedullary canal was approxi- 
mately 1.5° to 2.0° C. The rectal temperature during several hours of heating has shown 
no rise. Apparently the local heat is dissipated within the total animal and has not caused 
difficulties with body temperature regulation. 

In all experiments the same length and size of nichrome wire have been used and the 
voltage source has been constant. Since the amount of heat is proportional to the square 
of the current times the resistance of the wire (Ohm’s law), the amount and rate of 
delivery of heat to the bone have been constant for all animals. Time remained the only 
variable to be evaluated as all other aspects of the experiment were constant. 

It was felt important to permit normal function of the animals during the experimental 
period. Accordingly, the surgical procedures for insertion of the nichrome wire were per- 
formed under anesthesia, but heating was not commenced until the animals had completely 
recovered and were able to run free within the cage. The animals were connected to a 
voltage source and heated during the day only. At night the terminals were disconnected 
and the animals slept and ran normally. The heating was repeated daily until the total 
accumulated hours of desired heating had been obtained. Following completion of the ex- 
periment, the animals were again anesthetized and the nichrome wire was cut off beneath 
the skin. The terminal pad and sutures were removed. The animals were placed in rehabili- 
tation cages for 30 to 40 days, were autopsied, and the femurs removed for study. 

The dry weight and length of the bones were measured, drying being accomplished in 
«a drying oven over several days. The bones were dried to constant weight. Photographs 
of the specimens were taken. 

A similar procedure was carried out on the dogs, but the pups were essentially 6 to 
8 weeks old before heating was commenced (Figs. 1 and 2). 

Initial studies have been performed on dogs on the effect of local heating on the rate 
and strength of fracture healing. Heating was applied to one side as in the previous 
experiment; the other side was used for control studies. The rate and degree of healing 
and weight of the dried bone were again noted. 


RESULTS 

Rat Experiments.—F ive rats heated for an average of 27.8 hours showed an 

average increase in length of the experimental limb of 6.3 per cent as compared 

with the control limb. In each instance the experimental limb was longer and 
thicker than the control limb (Table III and Fig. 3, Rat 36), 


————EE 
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TABLE III. RESULTS IN Rats’ Limss HEATED 20 To 35.5 Hours 











PER CENT PER CENT 








HOURS OF INCREASE IN | INCREASE IN 

ANIMAL NUMBER HEATING | LENGTH | WEIGHT COMPLICATIONS 

36 23 5.5 7.6 0 

55 20 7.2 38.8 0 

57 35.0 3.6 13.8 0 

58 31.5 5.0 18.0 0 

60 29 10.3 38.4 0 
Averages 27.8 6.3 23.3 0 
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Fig. 1. 


Fig. 1.—Experimental design for unilateral bone heating. 
Fig. 2.—Animal with heating coil in place. 


48 RAT 49 


Note increased length and weight. Rat 36, 22 hours of heating. Rat 48, 96 hours of 
heating with healed fracture. Rat 49, 96 hours of heating with healed fracture. 





Fig. 3. 





The experimental limb showed an average of 23.3 per cent increase in 
weight as compared with the control limb. 

Extending the time of heating did not seem to augment the limb length to 
a greater degree, for 5 rats heated for an average of 94.2 hours with no accom- 
panying fracture showed an average increase in length of 6.2 per cent (Table 
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IV). However, increasing the time of heating did produce fractures at the 
heating site (Fig. 3, Rat 48). Seven rats heated for an average of 95 hours 
showed 43 per cent fractures from prolonged heating. The fractures invariably 
healed, however (Fig. 3, Rat 49). 
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TABLE 1V. RESULTS IN Rats’ LimBs HEATED 60 To 110 Hours 
Oo l ER OCENT PER CENT —— 
HOURS OF | INCREASE IN | INCREASE IN 
ANIMAL NUMBER HEATING LENGTH | WEIGHT | COMPLICATIONS 
At 59 Wy § 8.4 0 
45 109 5.6 —0.9 0 
47 109 4.8 3.5 0 
49 101 11.1 6.1 0) 
50 93 4.0 19.6 0 
Averages 94.2 — 6.2 _ 7.3 0 
The 7 rats heated 94.2 hours showed a weight increase of the experimental 
limb of 16.5 per cent compared with the control limb (Table V). 
, 
TABLE V. RESULTS IN Rats’ Limss HEATED 60 TO 110 Hours 
> | ‘PER CENT | PER CENT | een 
HOURS OF | INCREASE IN INCREASE IN 
ANIMAL NUMBER HEATING | LENGTH WEIGHT | COMPLICATIONS 
44 59 5.7 8.4 0 
45 109 5.6 -—0.9 0 
46 102 0.0 6.5 Fracture , 
48 109 -8.0 48.5 Fracture p 
49 101 11.1 6.1 0 
50 93 4.0 19.6 0 
51 93 1.8 27.4 Fracture 
Averages 95 2.7 16.5 42.9 % frac- 


tures 








Dog Experiments.—Similar results were obtained in puppies. The growth 
period of the dog is far longer than that of the rat, so that the proportion of 
time heated during the growth period was necessarily less. 


—E—E———— 


The experimental limb of 5 puppies showed an average length increase 
of 2.2 per cent when heated for 51.5 hours. The average weight increase during 
the same period for the same limbs was 23.7 per cent. The experimental limbs 
showed an increase in the diameter of the full length of the shafts as compared 
with the eontrol limb (Table VI, Fig. 4). 


TABLE VI. RESULTS IN HEATED Docs’ LIMBS 

















PER CENT PER CENT | 
HOURS OF INCREASE IN INCREASE IN | 
ANIMAL NUMBER HEATING | LENGTH WEIGHT | COMPLICATIONS 
1 47.5 4.0 23.0 0 
3 5.0 1.4 54.6 0 
| 83.0 j By s 13.1 0 
6 29.0 2.1 16.3 0 
7 48.0 2.0 10.0 0 
Averages 51.5 2.2 23.7 0 
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Histologic studies of the experimental limbs showed that the increased 
growth was essentially normal bone in its architecture. 

Injection studies of the circulation of the legs in the animals after sacrifice 
demonstrated that the arterial and venous circulation was inereased in cross- 
sectional diameters of the major vessels. The volume flow of blood through the 
limbs must have been increased. No measurement of oxygen tension of actual 
blood flow could be obtained, however (Fig. 5). 

Preliminary studies on the effect of bone heating on the healing of femoral 
shaft fractures have indicated that fracture healing occurs more rapidly and 
with more abundant callus in the presence of bone heating. These studies are 
being extended in dogs. 

The accompanying tables demonstrate the results in rats and dogs (Tables 
III-VI, Figs. 3 and 4). Fig. 5 demonstrates the arterial and venous circulation 
of the experimental dog limb versus the corresponding control limb. 





Fig. 4. Fig. 5. 


Fig. 4.—Dog bones after heating. Note increased length and weight. 
Fig. 5.—Vascular bed after heating. Note increased vascularity on heated side. 


DISCUSSION 

Experimental studies on alteration of bone growth can be divided into those 
designed to retard bone growth and those designed to stimulate bone growth. 
Retardation of bone growth has been far more successful than stimulation of 
bone growth but is a far less ideal solution to the leg discrepancy problem. The 
methods for retardation of bone growth have been studied most extensively by 
Haas’ and Phemister.’* Haas found that bone growth could be retarded by 
encireling the epiphysis of a growing bone with a wire loop. In fact epiphyseal 
growth entirely ceased so long as the wire loop remained intact, and, fortui- 
tously, growth recurred on breaking or removal of the wire loop. However, on 
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removal of the wire loop, the growth rate was slower than before and possibly 
closure of the epiphysis occurred earlier than normally. The experimental re- 
sults were so constant and reproducible that the operation has been performed 
many times on growing children, but Haas warns against the arrest of the 
epiphysis prior to the age of 8, when the epiphysis has become sufficiently ossi- 
fied. In more recent years, Blount? has replaced the wire loops with epiphyseal 
staples which ean also be removed. These vitallium staples are simpler to 
apply, but again results are apt to be very poor if applied before the age of 8. 
The wire loops or epiphyseal staples are applied across both the lower femoral 
and upper tibial epiphyses. A surprising observation has been the pressure 
of growth in the epiphyseal plates, for many of these wire loops and staples 
have been broken or distorted by epiphyseal growth forces. Phemister’s method 
for arrest of epiphyseal growth has been ealled epiphyseodesis, and consists in 
inserting bone grafts across the medial and lateral sides of the femoral and 
tibial epiphyses. Simultaneously, the epiphyseal plate is curetted and removed. 
A solid bony fusion occurs across the epiphyseal plate and growth permanently 
ceases. 

Despite their obvious shortcomings, procedures to shorten the good leg are 
simpler, safer, and less time-consuming and complicated than the operation of 
leg lengthening. Epiphyseal growth can also be arrested by radiation, but this 
procedure is to be condemned elinically. From the practical standpoint in a 
erowing child, leg shortening is produced by (a) epiphyseal stapling, (b) 
wiring of the epiphysis with a loop, and (¢) epiphyseodesis; in the adult leg 
shortening is produced by resection of a segment of the femur. In the vast 
majority of cases, leg shortening, whether in the child or adult, is far safer and 
simpler than leg lengthening procedures (Table VIT). 


TABLE VII. TREATMENT 

















LENGTHENING PROCEDURES ON SHORT LEG | SHORTENING PROCEDURES ON LONG LEu 
Mechanical lifts on shoes Epiphyseodesis (Phemister, 1933) 
Corrective osteotomy—leg lengthening Epiphyseal wire loops (Haas, 1945) 

(Abbott and Bost, 1940 to 1956) Epiphyseal stapling (Blount, 1946) 


X-ray treatment—avoid 





The ideal solution to the leg discrepancy problem is a simple safe method 
for leg lengthening in the growing child. A great deal of experimental work 
has been carried out on stimulation of bone growth since the initial experiments 
by von Langenbeck'® in 1869, and a brief review of these experiments might 
shed some light on the possible mechanisms stimulating bone growth. Clinically 
no method for stimulation of bone growth has as yet been satisfactory, but 
experimental endeavors to stimulate bone growth have proceeded along three 
main avenues: (1) those directed at the bone itself, (2) those directed at the 
nervous system, and (3) those directed at the bone circulation (Table VIII). 

The experiments directed at the bone itself began with von Langenbeck 
who implanted a foreign body into the marrow cavity of a dog femur. The 
initial work with implantation of foreign bodies into the marrow cavity was 
encouraging, and numerous workers have employed curettage of the -marrow 
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TABLE VIII. PREvI0oUS EXPERIMENTS ON STIMULATION OF BONE GROWTH 














METHOD | AUTHOR | YEAR | STIMULATION 
Ligation of nutrient artery Ollier 1867 0 
Wu and Miltner 1937 0 
Trueta 1955 0 
Venous stasis Bergmann 1931 0 
Kishikawa 1936 <1% 
Servelle 1948 1%+t 
Hutchinson and Burdeaux 1954 <15% 
Curettage of marrow eavity Wu and Miltner 1937 0 
Lacroix 1947 0 
Sympathectomy Simon 1930 0 
Bisgard 1930 0 
Cannon 1932 0 
Harris and MeDonald 1936 0 
Loosening of diaphyseal perios- Ollier 1867 2-5 mm. 
teum Wu and Miltner 1937 +5 mm. 
Lacroix 1947 0 
Brodin 1955 +2 mm. 
Fracture of tibia of rabbits Levander 1929 3-6 mm.+ 
Filling of marrow cavity von Langenbeck 1869 O+ 
Meisenbach 1910 0 
Bohlman 1929 0 
Wu and Miltner 1937 0 
Chapehal and Zeldenrust 1948 O+ 
Herndon and Spencer 1953 0 
Drilling of metaphysis Hutchinson and Burdeaux 1954 <1% 





cavity with subsequent filling of the marrow cavity with metal or ivory pegs 
both experimentally and clinically. No limb has been reported to inerease more 
than 5 mm. in length, and the most recent works by Pease,’? Montgomery,” 
Langenski6éld,®’ and Stahl'® have conelusively demonstrated that this method is 
of little or no value. Equivoeal results have been obtained in dog, rabbit, and 
child by this procedure. Similarly, drilling of the metaphysis and loosening of 
the diaphyseal periosteum have been of no value in stimulating bone growth. 

Recently Ring™ has reported a new procedure for experimental bone length- 
ening. His experiments were conducted on dogs and consisted of fracturing the 
‘adius and ulna of a dog close to the epiphysis, followed by epiphyseal distrac- 
tion through skeletal distraction. In 10 dogs in whom the experimental proce- 
dure was completed, 9 showed increased bone length varying between 4 and 
15 mm. The method presented the complications of premature epiphyseal 
fusion, nonunion at the site of lengthening, and fractures through the length- 
ened bone. After the period of epiphyseal distraction the epiphyseal cartilage 
may revert to a normal histologic appearance and growth may proceed in the 
usual manner. Clinical trial of this method has not been employed. 

The suggestion that unilateral sympathectomy might stimulate bone growth 
was an outgrowth of observations made on children with Hirschsprung’s disease 
in whom unilateral sympathectomy had been employed for treatment. These 
patients had healthy bones and the sympathectomized side not uncommonly 
grew 0.5 to 1 em. longer than the normal side. However, attempts to repeat 
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this alteration of bone growth in animals by unilateral sympathectomy and in 
children with poliomyelitis have been unsuccessful, and the procedure today has 
been universally abandoned. Harris‘ used this approach in children with polio- 
myelitie shortening and failed to stimulate significant increase in bone growth. 

The effect of sympathectomy on bone growth was postulated to be mediated 
through augmentation of circulation to the limb. Prior to this demonstration 
of the relationship of blood flow to limb growth, earlier workers had attempted 
to stimulate bone growth by production of venous stasis within the bone or by 
ligation of the nutrient artery. Venous stasis has been studied by Bergmann! 
and Hutchinson and Burdeaux.* Ligation of the nutrient artery has been 
reported by Ollier,*° Wu and Miltner,’® and recently by Trueta.‘’ None of 
these methods has produced a significant alteration of bone growth. A few 
clinical cases have been treated in this fashion without success. 

For over 100 years reports have appeared in the medical literature relating 
unilateral leg hypertrophy to an associated hemangioma of the extremity. In 
1900 Klippel and Trenaunay’ described a syndrome characterized by the triad 
of (1) osseous and soft tissue hypertrophy, (2) varicose veins of the extremity 
dating from infancy, and (3) a hemangioma of the skin of the extremity. Many 
eases of hypertrophy of an extremity incident to an abnormal arteriovenous 
communication have been observed. The osseous hypertrophy has been attributed 
to arterial hyperemia acting as a stimulus to the epiphysis, and it is presumed 
that the oxygen tension of the capillary and venous bed is increased. No good 
measurements of the oxygen tension of the tissues in this state have been re- 
ported, and the concept has been questioned by several workers who feel that 
venous stasis and venous hypertension provide the stimulus to increased bone 
erowth. It has even been suggested that the augmented edema fluid or inter- 
stitial fluid may contain a growth-stimulating substance, but this has never been 
proved. Nevertheless, both congenital and aequired arteriovenous fistulas, 
particularly the congenital cases, have been associated with osseous hypertrophy 
and increased extremity length. 

A eongenital hemangioma of an extremity or congenital multiple arterio- 
venous fistulas of an extremity are almost certainly accompanied by increased 
blood flow and flow to the extremity, for massive volumes of blood are pooled 
and circulating in the extremity. The extremity is warmer and longer than its 
corresponding member. Studies on acquired arteriovenous fistulas have not 
proved that there is an increased arterial flow distal to an arteriovenous fistula. 
It is unquestioned that in the immediate area of the fistula the skin temperature 
is inereased and the thirst of the fistula inereases the collateral flow of arterial 
blood around the fistula, but onee the blood reaches the arteries distal to the 
fistula much of it flows in a retrograde fashion back through the reduced re- 
sistance of the arteriovenous communication. Isotope dilution studies have 
demonstrated that immediately after production of an arteriovenous fistula the 
distal blood flow is decreased, but with the passage of time collateral cireulation 
develops and ultimately the peripheral flow may be normal.'! Venous hyper- 
tension, inereased tissue fluid, and varicosities ensue and may be the stimulus 
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to alteration of bone growth. Certainly, however, in clinical practice the con- 
genital arteriovenous fistulas produce far more striking changes in the limb 
itself than the aequired arteriovenous fistulas, but both have been demonstrated 
to elongate a limb. 

Whether the stimulus to increased bone growth in an arteriovenous fistula 
be inereased blood flow, alteration of oxygen tension in the tissues, or venous 
hypertension with varicosities, arteriovenous fistulas do increase bone length. A 
few surgeons have elected to augment bone growth by the surgical production 
of an arteriovenous fistula. Recently, Hiertonn® reported on 5 eases followed 
since 1951. <A side-to-side anastomosis was performed between the femoral 
artery and vein, and 3 weeks later the femoral vein was ligated proximal to the 
fistula. The children were between the ages of 5 and 12 and in each instance 
the operated leg grew faster than the normal control. The average increased 
growth was between | and 3 em., with 3 of the 5 cases being 2 or 3 em. It was 
felt that the growth-stimulating effect was caused by increased temperature and 
increased vascularization at the epiphyses. These methods are illustrated in 
Table IX. 


TABLE [X. METHODS OF GROWTH INCREASE* USED IN CHILDREN 











METHOD | AUTHOR | YEAR | RESULT 

Curettage and/or filling of Ferguson 1933 Positive 
marrow cavity Wilson 1951 Positive 
Curettage Pease 1952 Positive 
Metal screws Stahl 1956 Positive 
Ivory pegs Langenskiold 1956 Negative 
Ivory pegs Montgomery et al. 1956 Negative 
Ivory pegs Harris and MeDonald 198 Positive 
Ivory pegs Fahey 1936 Negative 
Sympathectomy James and Musgrove 1950 Positive 
Arteriovenous fistula Hiertonn 1956 Positive 





*Maximal increase—3 cm. 


With this background of clinical and experimental observations, we decided 
to approach the problem by direct heating of the bone in the vicinity of the 
epiphysis. The experiments were designed to deliver to the bone an amount of 
heat which would locally alter the bone temperature and the bone blood supply, 
but which would not interfere with the general metabolism and nutrition of 
the animal by altering the general body temperature. The initial experiments 
were done with anesthetized animals and thermocouples were used to record the 
bone temperature and the general body temperature. Over a period of 5 to 8 
hours of heating the bone temperature could be held elevated by 2° C. without 
raising the general body temperature. This controlled amount of heat, which 
resulted from the use of a constant length of nichrome wire to which a constant 
voltage was imposed, was then applied to normal alert animals permitted to run 
freely in the cage. Our results have demonstrated that it is possible to stimu- 
late bone growth by internal heating of the bone and that the length and weight 
of the bone increase. The average length increase was 5 per cent and the 
average weight increase 15 to 20 per cent. The bone increases in circumference 


as well as length. 
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We do not have experimental studies to support any change in oxygen 
tension of the eapillary or venous blood, and the limbs did not have clinical 
evidence of edema or venous hypertension. Injection studies of the cireulation 
of the limbs were carried out, however, after sacrifice of the animals, and it is 
quite clear that there is both an arterial and venous hypertrophy, for the size 
and number of channels in the limb are definitely increased. An arterial and 
venous hyperemia as well as an augmentation of local temperature has been 
produeed. 

The duration of heating time varied between 27 and 95 hours in the rats, 
and the augmentation of limb growth remained between 6 and 7 per cent. This 
suggests that the initial heating initiates a eyele of increased growth which is 
not closely correlated with the total duration of heating time. All limbs 
showed an inerease of both growth and weight. 

The longer the heating was carried out the more likely there was to be a 
complication from the bone heating. The chief complication observed was a 
fracture of the shaft of the bone. These fractures healed without difficulty, and 
the study of the excised specimen suggested that the fracture was related to an 
overgrowth of bone against the resistant nichrome wire. The wire in effect 
sliced through the bone at the site of heating, suggesting that the heating had 
rendered the bone more brittle from a loeal alteration of metabolism. The 
accurate control of heating could not be carried out in the unrestrained animals 
so that variations in the temperature may have been marked in some animals. 
Other animals had heat applied for the same period of time and sustained no 
fracture or deformity of bone. The sole deformity aside from the occasional 
fracture was a coneentrie thickening of the shaft of the bone. Initial miero- 
scopie studies of the heated bone have shown no alteration of bone architecture. 

The relationship of bone heating to new bone deposition and bone growth 
led us to explore the effects of bone heating on the healing of fractures. Only 
a few observations have been made in dogs, but in our small series of 3 dogs 
internal heating was applied to fractures of the femoral shaft produced bi- 
laterally and treated bilaterally with intramedullary fixation. The heated side 
has healed with solid bony union and more luxurious callus than the nonheated 
side. These initial observations suggest that this method of internal heating 
might be applied to the stimulation of fracture healing in the adults and in the 
correction of delayed and nonunions. Further experiments in animals are being 
conducted to elaborate this possibility. The rate of chemical reactions and the 
local blood supply would both be inereased by local heating at the fracture site. 
Histologic studies of the new bone produced at the fracture site have demon- 
strated the structure to be normal. 


SUMMARY 


A method for internal heating of bone has been developed which permits 
the animal to run freely in the cage. The local bone temperature and local bone 
blood supply are increased by this procedure, but the animal remains well and 
afebrile, The bone temperature is raised between 1° and 2° C, 
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In rats and dogs bone growth has been stimulated. In rats the average 
inerease in length of the femur of the experimental limb was 6 to 7 per cent. 
The duration of heating varied from 24 to 94 hours. In dogs the average in- 
crease in length of the heated femur was 2.2 per cent for a heating period of 
96 hours. In all cases length was increased. Dry bone weight was inereased to 
an even greater degree, indicating concentric as well as longitudinal growth. 
Dry bone weight in both rat and dog increased about 20 per cent. 

Initial observations suggest fractures may heal more rapidly by the applica- 
tion of the same local heating method. 

The major practical complication has been the oceasional fracture of the 
heated bone in the rat. This might be due to the rigid wire eutting against the 
expanding shaft of the bone. Nonunion has not occurred. 

Further studies seem warranted, for the method would be much simpler in 
the intelligent human patient. 
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DISCUSSION 


DR. JAMES 8S. MILES (Denver, Colo.).—A recent report before the Orthopedic Re- 
search Society from the Mayo Clinic mentioned 76 patients, human beings, in whom the 
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96 
production of an arteriovenous fistula had produced marked stimulation of leg length. The 
authors had some very good clinical reports and good documentation of growth stimulation. 

Is there any evidence of increased temperature in the epiphyseal cartilage? Actually, 
of course, the length of the femur is increased by cartilage growth in the epiphyseal cartilage. 
I am not certain whether the epiphyseal cartilage is a good conducting medium, that is, 
whether the temperature of 39° C., which was recorded as an intramedullary temperature 
of the diaphysis, is transmitted through to the epiphyseal side of the cartilage. As you 
know, cartilage grows from the epiphyseal side of the cartilage plate, not from the meta- 
physeal side of the epiphyseal cartilage. 

Next, I would like to ask about the microscopic studies on these femurs. It appears 
to me that the temperature of 39° C., if this were a local temperature within the diaphysis 
of the bone, might be a tremendous irritant to bone. We know well that in all of the 
conditions which the authors mentioned as having been stimulant to leg length the stimulant 
has been certain natural irritants namely, fractures, disease, and infection. It has been 
our assumption in the past that the common denominator has been an increase in the vascular 
supply. My question is whether the stimulation reported in these experiments is due to 
increase in vascularity or to the temperature as the title would suggest. 

Some of the roentgenograms presented would make one think of massive necrosis of 
bone with spectacular involucrum formation. The involucrum, of course, is the result of 
restoration of vascular supply and probably represents an increased vascular supply. In 
addition, we know that the Parham band, which was a popular device for fracture treatment 
a few years ago, produced quite extensive necrosis. I wonder if the wrapping of this wire 
has not produced extensive necrosis of bone and if the temperature of the wire has not 
produced some damage of the soft tissue superficial to the bone, 


DR. JOHN D. LEIDHOLT (Denver, Colo.).—Was the wire put outside the periosteum 
or underneath the periosteum. If he had put it under the periosteum he may well have 
obliterated the nutrient artery supply to the shaft and altered the ultimate supply to the 
epiphysis, thereby accelerating growth. 


DR. RICHARDS (closing).—All the questions are very pertinent. The Mayo Clinic 
reported their experimental results in arteriovenous fistulas and they were able to obtain 
increased length experimentally and I suppose that is the reason that they have gone ahead 
and tried it clinically. I have not seen the clinical reports. The only one I could find was 
the one which I referred to. I do not think that the epiphysis is heated in this procedure 
because as the bone grows, obviously, this wire grows away from the epiphysis. We had 
hoped initially to measure the temperature of the animal all during the time that we were 
heating the bone, but the difficulty of controlling the animal with wires coming out was 
just more than we were able to solve. We limited our temperature studies to the anes- 
thetized animal. We have microscopic studies of the bone and it is histologically normal as 
far as pathologists can say, and this is what prompted us to look into the possibility of 
using it in fracture healing. 

With respect to the periosteum, it is particularly hard to say. We tried to place this 
wire subperiosteal and treat both sides the same—strip the periosteum off the other side in 
the control animal. 
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HE objective in the placement of sutures of any kind is to hold tissues 

in apposition, with the degree of closeness which will allow firm union with- 
out the exertion of so much pressure as to produce necrosis. At the same time 
sutures must of themselves, be nonirritating to the tissues, and either un- 
absorbable or retained until healing is sufficiently far advanced that they are 
no longer required. Many a student and layman has thought idly of a sewing 
machine or mechanical apparatus for the placement of sutures. The variation 
in thickness, position, and direction of surfaces of tissues and the numerous 
other requirements for flexibility and adaptability of technique have, in the 
main, led to the feeling that mechanical methods of suturing were not likely 
to come about. 

The possibility of using stapling devices has been considered from time 
to time and has found its best known application in the De Petz’ clamp for 
gastric resections. The silver clips, which are driven home serially as the 
knob of this clamp is turned, clasp flat and are meant to do no more than seal the 
stomach to aid in its subsequent suturing. There have been a number of 
efforts at application of the stapling principle in other ways. Busto and 
Bucherl,® from Germany, in 1954 reported the experimental use of steel and 
silver clips over the bronchial ends, with mixed success. Samuels,?? in 1955, 
devised stainless steel spiked clips which he applied to end-to-end arterial 
anastomoses in dogs, after triangulating the ends with Carrel traction sutures. 
The elips were clamped on with ordinary hemostats. A great saving in time 
was claimed, and the vessels healed well. No clinical reports of the use of these 
devices has been found. 

Eight or 10 years ago the senior author experimented with the use of an 
ordinary Bostitch stapler, without achieving any success. English-reading 
surgeons probably first became aware of the successful use of stapling machines 
in surgical anastomoses from the papers of Androsov,?* in 1956, and from 
the demonstration by Androsov at the Atlantic City Meeting of the American 
College of Surgeons in 1957. 

Stimulated by Androsov’s paper, Vogelfanger,'* in Canada, devised a 
combination of Fryfogle’s* coupling devices for vascular anastomoses and a 
stapling instrument placing individual tantalum staples, like the Soviet models, 
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through the everted flanges of the opposed vessel ends in experimental animals. 
We have made no attempt to review the literature exhaustively. Other workers 
have undoubtedly attacked the problem of mechanical suturing. 

This past September, two of us (M. M. R. and I. W. B.), during a visit 
to the Soviet Union, had an opportunity to see the wide uses to which the 
stapling instruments have been put. 

The Scientific Research Institute for Experimental Surgical Apparatus 
and Instruments, in Moscow, is a Central Institute for the Soviet Union, which 
has the task of developing and designing new instruments and apparatus for 
the clinical use of surgeons. This Institute is self-contained, with a large 
budget, and a staff of over a hundred, composed of engineers, draftsmen, 
metallurgists, surgeons, and technicians. It has its own machine shop, de- 
signing rooms, chemical and physical laboratories for the testing of materials, 
and experimental laboratories for the biological testing of instruments and 
apparatus. In addition, the surgeons who staff the Institute are on the staff 
of the associated City Hospital on the grounds of the Institute. Their products 
ean therefore find early clinical application in the hands of their developers. 
Suggestions as to new instruments or modification of old ones may come from 
outside the Institute. Some 6 years ago the Institute was given, as its primary 
problem, the development of apparatus for mechanical suturing. 

There has emerged from this work a family of stapling instruments which 
operate on the principle that the stapling is accomplished in two phases.‘ In 
the first phase the jaws of the instrument are screwed down until the tissues 
are in the required degree of approximation. In the second phase, by a separate 
mechanism, sharp staples are driven through the apposed tissues, the points 
striking a eurved anvil and bending back upon themselves to form a letter B, 
rather than the conventional flat crushing closure of the common staple, 
such as is used for fastening papers and fabrics. The staples at present in use, 
and which have been the most satisfactory thus far, are of tantalum wire. 
These are essentially nonreactive, as far as the tissues are concerned, and 
have proved to have the requisite physical properties for use in the stapling 
instruments. The very fine tolerances required for these precision instruments 
have thus far defeated attempts to make any multipurpose suturing instru- 
ment, or instrument with interchangeable parts for various types of suturing. 
There has developed, instead, a family of instruments. Those most familiar 
to this audience will be the vessel-suturing instruments, described by Androsov?~! 
in his publications in the A. WM, A. Archives of Surgery. In this apparatus the 
vessel ends are everted and held in flanged apposition by an approximating 
mechanism and the staples are then driven home. The instruments come in 
three basie sizes, each of which has adapters for vessels of three sizes within 
its range, so that anastomoses can be performed in vessels of 1.3 to 15 mm. in 
diameter. Androsov has reported, for instance, that the internal mammary 
artery may be sutured to one of the jejunal arteries to salvage an antethoracie 
esophageal replacement whose blood supply has been jeopardized. Additional 
instruments are in use for the eut end of the stomach (in whieh, without 
having to re-apply the clamp, a second row of staples can invert the closure 
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by the first row), instruments for stapling individual blood vessels, an instru- 
ment for placing two rows of extremely fine staples for division of the ductus 
arteriosus, instruments for closure of the bronchi, instruments for stapling 
of the vascular pulmonary hilum, and others. In all of these instruments the 
staples are preplaced in the clamp, and all of the staples in the instrument are 
driven home simultaneously. Another instrument has been devised of maga- 
zine type, in which 15 staples can be delivered serially, as might be necessary, 
for instanee, in suturing the neck of an aneurysm which was being excised 
tangentially, or in narrowing the pulmonary artery for infant pulmonary 
hypertension.'” 

The use of these instruments seemed to be widespread and to be giving 
great satisfaction to Soviet surgeons. What we saw of their use and the high 
quality of the instruments themselves was impressive. We were able to pur- 
chase two copies of the bronchus stapling instrument'* at a surgical instrument 
and appliance store on the Nevskiy Prospect in Leningrad. 

The instrument for the stapling of the entire pulmonary hilum we were, 
unfortunately, unable to secure. This instrument places two rows of staggered 
staples acress the entire vascular hilum of the lung for pneumonectomy. We 
saw it used with astonishing speed and facility and without the loss of any 
blood at all. The instrument for the closure of the bronehi, which we did 
procure, places a single row of staples in the long axis of the bronchus, where- 
as the hilum stapling instrument places its staples across the long axis of the 
bronchus and parallel to the long axis of the body. If the bronchus alone 
is to be clamped, it was found that these staples, placed parallel to the bronchial 
rings, might eut through into the bronchus and be coughed up if they happened 
to miss the cartilage altogether.° If they were placed in the long axis of the 
bronchus, one point or other of the staple was sure to catch cartilage and so 
to hold firmly. There is in the Soviet Union now, an experience with a con- 
siderable number of experimental animals and several hundred patients who 
have undergone pneumonectomy or lobectomy with the use of these instru- 
ments. 

We were told that the apparatus for control of the entire hilum had not, in 
any of the hospitals in which we made inquiry, been known to cause trouble from 
bleeding, either immediate or delayed. The fistula rate in resections for 
tuberculosis at the Tuberculosis Hospital in. Kiev, on the Surgical Service 
of Dr. N. M. Amosov, was stated to be as low as 5 per cent with the use of 
this instrument. In this Clinic, incidentally, segmental resections have been 
abandoned in favor of excisions with the use of the hilum stapling machine, 
placing a double row of staggered staples directly across pulmonary substance. 

The instrument is of stainless steel, 33'cem. long, and weighs 640 Gm. 
(Fig. 1). It has jaws 4.5 em. long and 7 mm. wide, which are approximated 
by a serew mechanism activated by a knurled knob at the opposite end. The 
upper jaw contains a removable slotted magazine which is loaded with 16 
staples and can be removed and replaced by another loaded magazine without dis- 
assembling the instrument. The lower jaw ‘acts as the anvil on whieh the 
staples are closed and contains a series of slots corresponding precisely to the 
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slots in the magazine from which the staples are pressed home. A vernier 
on the shaft of the instrument indicates the degree of compression of tissues 
required for use either of the 3.5 or 4.8 mm. long staples. The staples are 
3.0 mm. wide across the bar, widening a little at the points. The staples are 
square as they are loaded, and their points sharply beveled. A number of 
metals and alloys have been tried by the developers of the instrument, including 
stainless steel, and tantalum is preferred at the moment. We were told that 
a new and much lesseexpensive wire had been developed and had been found 
satisfactory, and would probably soon be put into production. A handgrip 
drives home the staples after the jaws have been approximated as closely as 
desired. Very little pressure is required to drive the staples home and turn 
their ends on the eurved surface of the anvil of the lower jaw until the B 
shape of the closed staple has been produced. The driving mechanism consists 
of a rod in the core of the instrument, activated by the handle grip and attached 
at its lower end to a bar across which are a series of 16 thin steel edges which 
precisely fit into the slots in the magazine which contain the staples. 





Fig. 1.—The Soviet bronchus stapler. The staples are loaded into the cartridge, and the 
cartridge is slid into the upper jaw of the clamp which is then pressed home into the channel 
of the shaft of the instrument. The knurled knob advances the upper jaw until the bronchus is 
firmly compressed. Pressure upon the handle then drives the 16 staples through simultaneously. 


Despite the fact that our instrument was designed solely for the bronchus, 
it seemed to us that if we could, in two applications, place two rows of staples, 
it might be satisfactory in handling the vaseular hilum as well. Accordingly 
in 20 animals traction was made on the lung, exerting tension on the entire 
pulmonary hilum. The bronchus stapling clamp (using the smaller 3.5 mm. 
staples) was placed across the entire undissected hilum, pulmonary artery, 
veins, and bronchus, and the staples driven home. The hilum was then eut 
on the lung side of the clamp, and the clamp unscrewed and removed. In 


11 dogs the operation was a left pneumonectomy and, in 9, a right pneu- 
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monectomy. In the first 2 dogs an attempt was made to use only one row 
of staples. There was a little bleeding from the veins so that a second row of 
staples was inserted. When a little bleeding persisted, fine sutures were placed. 
It was noted that the flatness of the tissue, which was held in a straight line 
by the staples, made the stump of the pulmonary pedicle extremely easy to 
handle. We have made this same observation in patients. By the third 
pneumonectomy we found that the application of two staggered rows before 
the hilum was divided left a stump which was either bone dry or else bled 
only for a second or two and required no sutures, either for air leak or bleeding. 
Of these 20 dogs, two died. One died on the operating table, from pulmonary 
edema. Examination failed to disclose the reason. The staples had sealed 
only the struetures which they were intended to seal. Another was found 
dead the morning after operation, without ever having been seen to awaken 
after operation. There was no hemothorax, and the opposite lung was not 
collapsed. With the use of considerable force it was possible to force air out 
of the end of the stump. The amount of air pressure employed was not meas- 
ured, but was thought to be excessive. 





Fig. 2.—A, Left pneumonectomy in a dog. The vessels have been divided and ligated, 
and the clamp has been screwed down upon the bronchus. 8B, The lung has been cut away 
from the clamp which is now ready to be opened. OC, The flat stapled bronchial cuff shows 


plainly. 
We have performed pneumonectomies in this fashion in 14 dogs, employing two rows of 
staples in 8 and one row of staples in 6, without deaths or complications. In 20 additional 
dogs, two rows of staples were placed across the entire undissected hilum, including the pul- 
monary artery and pulmonary veins and the bronchus. There was no bleeding, air leak, or 
empyema in any animal. One died in pulmonary edema at the conclusion of the operation; 
one was found dead the next morning without ever having awakened from anesthesia. 

In 14 additional dogs the pulmonary vessels were ligated in the ordinary 
way, and a pneumonectomy was completed after the bronchus had been se- 
cured with the stapling instrument, employing two rows of staples in 8 and 
one row in 6 (Fig. 2). 

In several instances there was a brief air leak and a second row of staples 
was applied. In one or two instances an additional suture was required. There 
were no deaths or complications in this group of animals. 

In two animals upper lobectomies were performed; the vessels and bronchus 


were taken together with one row of staples. No difficulty was encountered 
with either animal. 
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Twenty-seven of the animals were bronchoscoped and bronchograms were 
made. In 25 of these animals the trachea and bronchi were excised for gross 
examination, photography, and microscopic section. The other two animals 
of this group were bitches who were suckling healthy litters of puppies; we 
did not sacrifice them. Neither at bronchoscopy nor at postmortem examination 
of the bronchus did we find any gross evidence of infection, inflammation, or 
granulation. 

In the animals which had been operated upon a month or less before ex- 
amination, the clean row of neat black staples was plainly visible from within 
the bronchus, both by bronchoscopy and at postmortem examination. There 
was neither discharge from the bronchi, nor any evidence of infection in any 
instance despite the fact that the bronchial stumps were often quite long in 
those animals in whom the entire pulmonary hilum had been clipped and 
transected without any dissection. By 5 or 6 weeks the clips were just visible 
through a thin, almost translucent film of sear, which, shortly thereafter, be- 
came thick enough to obseure the clips during bronchoscopic examination, 
although, with the bronchus opened in the postmortem examination and spread 
out, it was usually possible to discern the clips. During operation the pul- 
monary hilum or the bronchial stump, as the ease may be, was simply cut off 
and left bare, without covering of any kind. At autopsy there was usually 
found a small knob of sear tissue, capping the distal end of the bronchus in 
the manner made familiar by the early studies of Rienhoff'' and others. This 
sear seemed grossly to be remarkably clean and dry. (Fig. 3.) 





Fig. 3.—A, Opened trachea and carina from Dog 6, 12 weeks after left pneumonectomy, 
employing 2 rows of staples across the entire hilum. The staples are largely covered over 
by a thin translucent film. There is no evidence of granulation or infection. B, Dog 28—4 
weeks after right pneumonectomy employing 2 rows of staples across the bronchus. The staples 
are still plainly visible in the lumen, but with no evidence of any inflammatory reaction. The 
cap of scar tissue here is not as dense as in the older preparation and the staples can be 
seen imbedded in it. 


In only a single ease did the bronchogram show that there had been any 
defective healing of the bronchus. In this instance Fig. 4, C) a drop of the 
contrast material escaped beyond the eut end of the bronchus and was en- 
cased in the sear about the stump. At autopsy there was here a minute granu- 
lating pocket. 

Microscopie examination was made of the specimens taken from animals 
at 4, 8, and 12 weeks. All show clean healing, with very little inflanrmation. 
The technical difficulties inherent in the necessity for removing the tantalum 
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staples before sectioning interferes with precise localization of any section with 
reference to the position of the staples. There were no abscesses and no areas 
of necrosis. At 4 weeks there was still, in most cases, a vigorous polymorpho- 
nuclear reaction. By 8 weeks this was minimal, and by 12 weeks only a seatter- 
ing of mononuclear cells remained. 

We have used the instrument in the operating room on 9 patients at the 
Baltimore City Hospitals. Two patients had pneumonectomy, one right and 
one left; and 7 had lobectomies, 4 right upper, and 2 left upper, and one right 


lower. 





A. B. c. 

Fig. 4.—Bronchograms in dogs after pneumonectomy employing 2 rows of tantalum sta- 
ples for the entire undissected pulmonary hilum. The lung was simply pulled up, 2 rows of 
staples were placed across the hilum, and the lung was amputated. The lack of dissection 
accounts for the long stump. A, R-20, 4 weeks after right pneumonectomy. The bronchial 
closure is secure and the staples are fixed in place. B, R-16, 6 weeks after right pneumonec- 
tomy, performed as above. The staples were applied even farther peripherally than in A, but 
with good healing. C, R-2, 12 weeks after left pneumonectomy. There appears to be a drop 
of contrast material beyond the stump—the only animal in whom in this way, or any other, 
a defect in healing could be demonstrated. The animal had had no evidence of empyema or 
air leak and was now quite well. (This was the second animal operated upon.) 

The pneumonectomies (Fig. 5 and Fig. 6) were both in patients with 
pulmonary tuberculosis, destroyed lungs, and tuberculous empyema. Each 
was sputum positive, with organisms resistant to all of the usual antitubereu- 
lous drugs. One of these patients had had a spontaneous rupture of the lung 
with a pyopneumothorax which had been drained for some months. In both 
instances a single row of staples was employed only upon the bronchus, with 
the vessels taken in the ordinary way. We found that the instrument allowed 
us to get very short stumps and this was particularly so on the left. In each 
instanee considerable traction was made on the bronchus while the clamp was 
applied, in order to leave as short a stump as possible. Inasmuch as the staples 
come within 2 or 3 mm. of the edge of the clamp jaws, the instrument itself 
imposes no obstacle in the way of obtaining a closure flush with the trachea. 
The clamp is screwed down tightly, verniers on the shank indicating the degree 


of compression necessary for either size staple. When this degree of coaptation 
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Fig. 5. 7 





Fig. 6. 





Fig. 5.—E. J. Age 37. B.C.H. No. 234747. A, Bronchogram before operation showing a 
destroyed upper lobe, bronchiectatic and collapsed lower lobe, and an inspissated tuberculous 
empyema. The sputum was positive, with organisms resistant to all antituberculous drugs 
tested. B, Bronchogram after left pneumonectomy, followed 10 days later by thoracoplasty. 
A single row of tantalum staples used to close the bronchus is not quite flush with the trachea, 
but the stump is acceptably short. Now, 3 months after operation, the patient has recovered 
without incident. 

Fig. 6.—P. B. Age 35. B.C.H. No. 246142. A, Before operation. Bronchogram showing 
destroyed right lung, empyema with drainage catheter in place. The patient was sputum posi- 
tive, with organisms resistant to all antituberculous drugs tested. The pleural drainage con- 
tained similar organisms. B, Bronchogram after pneumonectomy, followed 10 days later by 
thoracoplasty. The single row of tantalum staples used to close the bronchus are seen to be 
flush with the trachea. The patient has recovered without incident and it is now 3 months 
after operation. 
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has been secured, the staples are driven home, the bronchus cut away from the 
clamp, and the clamp released. In each of the pneumonectomies a single staple 
hole leaked air and required control with an additional silk suture. Both of 
these patients recovered without incident. The illustrations (Fig. 5, B and 

















Fig. 7.—A and B, H. E., age 44, B.C.H. No. 243116. Posteroanterior and lateral roent- 
genograms, 12 days after right upper lobectomy for tuberculosis. The row of tantalum staples 
can best be seen in the lateral view. The bronchus appears to have curved, judged by the line 
of staples. C and D, C. S., age 21, B.C.H. No. 252775. Posteroanterior and lateral roentgeno- 
grams 9 days after left upper lobectomy for tuberculosis. FE and F, A. D., age 25, B.C.H. No. 
243444. Posteroanterior and lateral roentgenograms 13 days after right upper lobectomy for 
tuberculosis. Thus far 7 lobectomies have been performed, 5 for tuberculosis and 2 for car- 
cinoma, in all of which the tantalum staple closure of the bronchus has been secure. 
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Fig. 6, B) are of bronchograms taken 7 and 8 weeks, respectively, after the re- 
section. In each instance a thoracoplasty had been performed in the interval. 
As ean be seen, the bronchial closures are secure, the stumps are gratifyingly 
short, and closure appears to have taken place along the line of the staples. The 
lobectomies, 5 for tuberculosis and 2 for carcinoma, required again only one 
row of the 3.5 mm. staples (Fig. 7). In the fourth lobectomy, a left upper lobe, 
a good deal of traction was made on the bronchus in order to secure as flush a 
closure as possible, and again there was leakage from one staple hole, controlled 
by a single mattress suture of silk. It was realized, in this instance, that the 
staple hole leakage was almost certainly due to the fact that the bronchus had 





Fig. 8.—C. L., age 65, B.C.H. No. 254539. This patient had a right upper lobectomy and 
a partial thoracoplasty for a peripheral carcinoma. Quite abruptly, 2 days after operation, 
he died, without evidence of air leak or collapse. This postmortem bronchogram shows the 
staples along the right main bronchus, with the bronchial stump not detectable. There is no 
leak. The intrapleural catheter had been under suction and there had been no evidence of 
any air leak. Autopsy was not performed. 


been stretched under some tension, thinning it out considerably. In the two 
pneumonectomies and in this lobectomy, strong traction had been made upon 
the lung to be resected while the stapling instrument was applied. In the other 
6 lobectomies and all but two of the dog pulmonary resections, no great amount 
of traction had been employed and there was no air leak. These leaks were 
trivial and the flattened edge of the stapled bronchus proved to be unusually 
easy to deal with, so that this created no significant problem. However, it would 
appear to be preferable to lift up on the bronchus or trachea in order to bring 
the clamp flush with it, rather than to make traction upon the lung or lobe to 
be resected. 

Three of the 7 patients on whom lobectomy was performed recovered with- 
out event. The fourth patient, a 68-year-old man with a peripheral carcinoma 
in the right lower lobe, died quite suddenly 48 hours after operation. A film 
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made a few minutes before his death showed no evidence of an air leak and a 
postmortem bronchogram (Fig. 8) showed the bronchial closure to be intact. 
Autopsy was not obtained. 

It would appear that, with some saving in time and effort and no sacrifice 
of safety and without violation of surgical principles, at least as secure a closure 
of bronchi can be obtained with this instrument as with the conventional suture 
methods. The staples appeared to remain indefinitely in the position in which 
they had been fixed. The B-shaped closure of the staple appears to prevent 
necrosis and, perhaps, allows a degree of elasticity in the closure comparable 
to that achieved by sutures or possibly a little superior to it. Whereas the blood 
vessel anastomosing stapling instruments require a certain proficiency in their 
use and might not be readily introduced into all situations in which blood vessel 
anastomoses are required, the instruments for bronchial closure and for closure 
of the vascular pulmonary hilum are quite easily employed in practice and 
require relatively little skill. 

In reviewing the accessible literature we have just come across the report 
of I. I. Gerasimenko® whose published results in pulmonary resections for tuber- 
culosis are much poorer than any quoted to us verbally. He reports 64 resections 
employing the instrument for stapling of individual vessels and the instrument 
for stapling the bronchus. Of these 64 resections, 15 resulted in fistulas. Four 
of them closed spontaneously, leaving 11 of 64 of which 9 were closed by second- 
ary operations. This 20 to 25 per cent incidence is obviously unacceptable, 
and, judging by our own preliminary experience and the experience of Russian 
surgeons reported to us, is probably not inherent in the method. 


SUMMARY 


We have had experience in 20 pneumonectomies in dogs in which the entire 
pulmonary hilum was secured with tantalum staples: in 14 dogs, pneumonec- 
tomies were performed using the staples only upon the bronchus, and in two 
dogs with lobeetomies using the staples on the lobar hilum. We have performed 
pneumonectomy in 2 patients and lobectomy in 7 patients, using the stapling 
apparatus solely for the bronchus in each ease. The B-shaped closure of the 
tantalum staples employed in these Soviet instruments appears to satisfy all 
requirements. The principles involved in this apparatus have been applied to 
many types of operative procedure. There seems to be reason to believe that 
some of these instruments and their derivatives will find a permanent place in 
surgery. 
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DISCUSSION 

DR. RAVITCH.—This is the instrument here. When one screws this knurled knob 
down, these jaws come together. There are guides on the side to show within what 
range a clip of a given length will be effective, depending upon the thickness of the tissues 
and their resistance, and then all one does is press this handle very lightly, the clips go 
through, strike a curved anvil in the lower blade, and come back on themselves in this way. 
In our pneumonectomies, we had a momentary air leak from one puncture hole in the main 
bronchus which we covered with a suture. This did not happen again, because the next few 
operations were done by Dr. Weil without my assistance, until I assisted him again, when 
we had an air leak again and discovered the reason for this. If one makes great tension on 
the bronchus one thins it out so that one makes a relatively large hole in driving the staples 
through. The thing to do is to push up on the trachea or bronchus in order to get your appli- 
cation. We found no difficulty in keeping the vessels out of the way. The edge of the 
instrument is only a millimeter or two from the edge of the staples so that you can produce 
a stump just as short as you like without any particular difficulty, and, furthermore, it 
is extraordinary how easy it is with the whole bronchial stump splayed out flat, quite rigid, 
to handle it and inspect it. 


DR. FRANCIS D. MOORE (Boston, Mass.).—Three years ago we had an opportunity 
to try the end-to-end vascular anastomoser which is related to this same family of instru- 
ments and many of you may have also had that opportunity. The machinery itself was beauti- 
fully made. The staples were tiny. It did not work out to be a practical device, at least as 
nearly as we could see. Dr. Rob who had it with him came to the same conclusion because of 
the extreme length of time it took to fold the disseeted vascular ends back over the cuffs which 
took the anvil and the stapling ring. One had to dissect a lot more vessel length to use the 
Russian suture machine than if he did it by direet suture. 


DR. BROWN.—Unfortunately, we were unable to purchase the hilum stapling in- 
strument used for sealing the pulmonary vascular pedicle after the bronchus has _ been 
stapled and severed. However, we have had a local instrument maker produce one of these 
hilum stapling instruments for us. This slide shows its appearance and relative size. It 
also shows the removable magazine clip which holds two parallel rows of staggered staples 
which close the hilar vessels very tightly and securely. As yet, we have not had an opportunity 
to use this American made model clinically, but thus far it has worked well in the dog 


laboratory and in tests with fresh autopsy material. 

DR. RAVITCH (closing).—I may say that the Russian vessel anastomosing instrument, 
itself, was very expertly used and an instrument like the one Dr. Brown showed is used for 
segmental resections and for pulmonary biopsies. Just put it across the hilum and cut the 


lung off. It works quite effectively. 














THE RELATIONSHIP OF ADRENAL STEROIDS TO POSTOPERATIVE 
ELECTROLYTE METABOLISM 
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BERNARD ZIMMERMANN, M.D., PH.D., MINNEAPOLIS, MINN. 


(From the Department of Surgery, University of Minnesota) 


ETENTION of sodium and increased exeretion of potassium and nitrogen 

during the immediate postoperative period are well-described features of 
the metabolic response to surgery.’ In 1939 Weil and Browne** noted an in- 
crease in the urinary excretion of “cortin” following surgery. Since sodium 
retention and increased potassium and nitrogen excretion are associated with 
excessive administration of corticoids, it seemed reasonable to conelude that 
the increased corticoid exeretion was responsible for these effeets. There 
was evidence, however, that this explanation was not adequate. Moore and 
associates'® measured the exeretion of Porter-Silber chromogen in the urine 
of patients following surgery and found that the duration of sodium retention 
sometimes exeeeded the period of inereased 17-hydroxyeorticoid excretion. 
Zimmermann? found that in challenging patients with intakes of 9 mEq. of 
sodium and 250 mEq. of potassium per day there was no inerease in the 
urinary excretion of formaldehydegenie corticoids. Therefore, it was felt that 
the mechanism of sodium retention and increased potassium excretion was not 
correlated completely with the output of hydrocortisone. 

With the discovery of a new salt-retaining hormone, aldosterone, investi- 
gations to further study this problem were initiated. Llaurado,’® using a 
bioassay, and Zimmermann,”" using a chromatographie step prior to bioassay, 
demonstrated an inerease in the urinary exeretion of a salt-retaining sub- 
stance following surgery. This substance was chemically identified as aldos- 
terone from a large pool of urine collected from cases that Llaurado had stud- 
ied! In 1957 both groups* ** 1° presented data on the relationship of urinary 
aldosterone to mineral balance in patients undergoing surgery. Llaurado 
found a correlation between the log of the urine Na/K ratio and the con- 
centration of salt-retaining activity in the urine. On the other hand, Casey 
and Zimmermann*® were unable to correlate the excretion of sodium-retaining 
hormone with sodium balance, potassium balance, serum sodium, serum potas- 
sium, or urinary Na/K ratio. They found that the urine sodium-retaining 
factor usually fell to preoperative values before the Na/K ratio returned 
to normal. 

Supported in part by the Office of Naval Research, Contract Nonr-710(25), United States 
Public Health Service, Grant (A-2743), and gifts of Miss Alice O’Brien to the Malignant Dis- 
ease Fund of the Department of Surgery. 


Gifts of cortisone and cortisol were supplied by Merck & Company, Inc., Rahway, N. J., 
aldosterone by Dr. Hill of Endocrine Section of National Institutes of Health and Ciba Phar- 
maceutical Products, Inc., Summit, N. J. 

Read at the Twentieth Annual Meeting of the Society of University Surgeons, Denver, 
Colo., Feb. 12-14, 1959. 


109 








110 MORAN, ROSENBERG, SCHLOFF, AND ZIMMERMANN ng 4 

Another criticism of the hypothesis that either aldosterone or hydrocortisone 
is responsible for the rise in K/Na ratio seen in surgery is found in the 
results of balance studies upon adrenalectomized patients’ ‘* and patients 
with Addison’s disease*® undergoing surgery on constant doses of cortisone 
or hydrocortisone. These patients also exhibit sodium retention and clearly 
mobilize no aldosterone. 

In 1955 physicochemical methods for the estimation of aldosterone in the 
urine were introduced’® which made it possible to measure the hormone di- 
rectly instead of relying on the sodium-retaining activity of purified or un- 
purified urinary extracts. Using such a method (below) the urinary exere- 
tion of the “acid-labile conjugate’’ of aldosterone was measured in surgical 
patients on balance studies and in patients with “hyperaldosteronism” and 
other syndromes. These data are reviewed here in order to study the rela- 
tionship between the urinary excretion of a metabolite of aldosterone and the 
renal exeretion of sodium and potassium. 
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Fig. 1.—The rate of release of aldosterone after acid hydrolysis of urine. 


METHOD 


The surgical patients listed in Table I and Fig. 3 were studied on the surgical wards. 
During the preoperative control period they received only whole or skim milk as food 
and fluid except Patient M. 8S. and Patient M. W. who received whole milk with a sodium 
chloride supplement to make a Na/K ratio of 1.25. When oral intake was resumed 
following surgery they were again placed on milk until the end of the study. 

Sodium and potassium estimations of body fluids were done by flame photometry. 
Hematocrit, serum osmolality, blood urea nitrogen, urine creatinine, urine osmolality, and 
urine nitrogen were determined by conventional laboratory methods. The urinary Porter- 
Silber chromogens (17-OHCS) on Patients G. P., J. W., L. M., L. H., M. St., and A. M. 
were measured by the Reddy method.21 The urinary 17-OHCS on Patients M. 8., E. L., 
J. L., and M. W. are the sum of conjugated 17-OHCS estimated by the method of Silber 
and Porter23 and the ethyl acetate extractable Porter-Silber chromogens without hydrol- 
ysis. The iatter extracts have been examined by chromatography and found to contain 
no conjugates but only the complete recovery of the same compounds as are incompletely 
extracted from urine by dichloromethane. ; 

The plasma corticoid values were obtained on one patient (M, 8S.). They were 
done by fluorimetry by a modification of Silber’s method.22 
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The acid-labile conjugate of aldosterone was estimated in the following manner. 
The 24-hour urine specimens were brought to a pH of 1.5 and extracted immediately 
with 0.1 volume of CHCl, and again extracted after standing 24 hours at 25° C., four times 
with 0.1 volume of CHCl,. This method of hydrolysis and extraction has been investigated 
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Fig. 2.—Chromatographic isolation of aldosterone. 











(Fig. 1) and found to release most of the conjugated aldosterone. The use of the Cohen 
continuous extractor adds little to the recovery and has been abandoned. Recently the 
initial extraction with CHCl, has been given up and the urine is hydrolyzed for 24 to 48 
hours at pH 1.5 and then extracted. The CHCl, extracts were combined, washed with cold 





MANN 


. 
4 


ne 
oe 
a 
4 
a 
—— 
N 
A 
Zz 
<a 
BS 
fy 
Q 
> 
v2) 
a} 
fom) 
ea) 
—Q 
Z 
fx 
RM 
© 
~ 
Z 
=a 
iam 
je) 
_— 
= 


c 


8°6 OST 
v Ol 
If 6S 


GG FE 


L9 


etl 


UL 
¢ 
If 
LEI 

U'FL 
81 
a9 


8¢ 


x! 
éll 


col 
c 
LE 


8¢ 


O'FL 
IT 
9¢ 
&9 


os 


t~ t= 
~ 


Eee 
r= of 


FOE 
Ol 
09 
0G 


ae © 
Cc 
F9 
OL 


LS 
Ol 
[LZ 
0G 

9'6E 
L4G 
9L 
GG 

L’86 
9G 





F 


& 


‘SUI—SOHO-LI 3 37 


s 
£Ol 
696 


ET £61 
0 Cc 
CEl 16 
Is cgl 

gL 66 

Ll 


6¢ 








Ava 








SINAILVG J NI SCIOUALSOOILYOOAXOUGAP-LE ONV ‘ANOUALSOCTY ‘WOISSVLOg ‘WOAIdOS 40 LAdLAO AYVNIYY) AN 


-opry : “bapui- 


SJHO-LI 
OPLV 

M 

BN 


SOHO-LI 
OplV 
M 

N 


SOHO-LI 
OpL¥ 

M 

UN 


SOHO-!1 
Oply 

M 

BN 


SOHO-LI 
OPLV 

M 

BN 


SOHO-LI 
OPLV 

M 

BN 


SOHO-LL 
OPLV 

M 
GN 


-y : ‘boyul—€®BN, 


£00499] 0;) sr 


AU10990} 
-sAd9FOY) “IS ‘W 


Au10400 
-BLOUL 


Awio} 
-DO1SBS 
[B1OIqGNg 


Aul0} 
-DILISRS 
[eq0jqny 


Aui0} 
-DdLISBS 
[B10IqGny 


AUIO} 
-00148B3 
1230}q0N “SW 





LAd LAO 
ANTNO 


NOLLVYAdO | INALL 
‘ -Vd 








‘T @Iavy, 





Volume 46 ADRENAL STEROIDS IN POSTOPERATIVE METABOLISM 113 


Number | 


0.1N NaOH, 0.01 volume 2 to 4 times, with cold distilled water 0.01 volume 2 times, and 
brought to dryness in vacuo at 40° C. The residue was then subjected to chromatography 
for 36 hours in the propylene glycol-toluene system.2 The region of the chromatogram 
which included the area of cortisone standard and 10 em, below (Fig. 2) was eluted with 
95 per cent ethanol. The sample was then divided into 0.1 and 0.9 aliquots and chroma- 
tographed in the iso-octane-tertiary butanol-water (E,B) systems5 as shown in Fig. 2. 
The dry chromatogram was then dipped in a blue tetrazolium-NaOH solution, heated for 
25 minutes at 80° C., and examined under ultraviolet light, as described by Neher and 
Wettstein.19 Aldosterone was more polar than cortisol and was the only substance between 
the starting point and cortisol which demonstrated both blue tetrazolium reduction and 
soda fluorescence (Fig. 2). The aldosterone was then compared visually with the cortisol 
standards on the paper and the intensity of the blue tetrazolium formazan was required 
to equal the intensity of soda fluorescence. Absence of this equality represents contami- 
nation. It is important to wait 5 minutes before reading the blue tetrazolium reduction 
because aldosterone develops a blue color almost immediately while cortisol requires a 
few minutes so that reading too early leads one to exaggerate the quantity of aldosterone 
present. The range of recovery is 60 to 70 per cent. Aldosterone isolated by this method 
has been found to have a biologie activity of about 50 times that of desoxycorticosterone 
when assayed in adrenalectomized rats; its ultraviolet and H,SO, spectra match that of 
aldosterone standards. It has the same Rf value as authentic aldosterone in many 
chromatographic systems, and its acetylation product has the same Rf value as aldosterone 
diacetate in two different chromatographic systems. This method lacks the sensitivity and 
precision of the newer double isotope derivative methods,t which are also in use in this 
laboratory. But these are offset by its stability and the fact that contamination of 
aldosterone with other substances can be identified. 


RESULTS 


Urinary output of sodium, potassium, and 17-hydroxyeorticoids of those 
cases on which urinary estimation of aldosterone has been completed are 
listed in Table I. The balance data on those cases in which the urinary 
aldosterone estimations have not been completed are presented in graphic 
form in Fig. 3. Fig. 7 graphically presents a more detailed description of 
Patient M.S. Fig. 6 demonstrates balance data on Patients J. S., G. P., and 
J. W., respectively. 

Since these cases were also being studied to demonstrate the effect of 
sodium administration on water diuresis in the early postoperative period, 
some of the patients received no sodium or potassium on the day of surgery 
(M. St., L. H., J. S., J. L., L. M., and A. M.), one received 77 mEq. of sodium 
without potassium (G. P.), some received 155 mEq. sodium without potassium 
(J. W. and E. L.), and two received 100 mEq. sodium and 80 mEq. of potas- 
sium (M.S. and M. W.). This variation of electrolyte management forms a 
background against which to test the hypothesis that aldosterone excretion 
is closely correlated with sodium retention, potassium excretion, or both. 

All of the aldosterone values in Table I were plotted against their re- 
spective urinary K/Na ratios (Fig. 4). When they were plotted by days, it 
became evident that a better correlation could be obtained when the day of 
surgery and the first and second postoperative days were removed from the 
total and graphed separately (Fig. 5). The slope of a line drawn through 
the greatest number of points also changed from positive to negative and 
the scatter was greatest on Day 0 and Day 2. Evaluation of the correlation 
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coefficients of these data (Table I1) confirms this impression. The same re- 
lationships hold if the urinary log K/Na ratio is plotted against urinary 
aldosterone. These data suggest that if the urinary K/Na ratio is related 
to aldosterone secretion in the control and late postoperative period, some 
other factor must be influencing this ratio during the early postoperative 
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Fig. 3.—Balance data on Patients E. L., A. M., M. W., and J. L. Crosshatch areas indicate 
gastric losses. 


TABLE II. CORRELATION COEFFICIENTS OF K/NA VERSUS URINE ALDOSTERONE AND LOG 
10K/Na VERSUS URINE ALDOSTERONE 








r* FOR K/Na = jy, r FOR LOG 10K/Na = 
ALDO = x ALDO = x 
+0.22 +0.32 
+0.38 +0.44 
+0.04 +0.11 
—0.50 —0.44 
—0.26 —0.25 
+0.71 +0.70 
+0.46 +0.51 
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Fig. 4.—Graph of urine K/Na ratio against concentration of aldosterone in the urine 
in patients of Table l. 
Fig. 5.—Graph of urine K/Na ratio against urinary aldosterone grouped by days. 
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period. The correlation coefficient (1) obtained for the log K/Na against 
aldosterone of the control and later postoperative period is much the same 
as that obtained by Llaurado.'? Observation of Table I will demonstrate that 
the urinary K/Na ratio rose in all patients and was almost back to the normal 
range by the third postoperative day, the day that the correlation coefficient 
returned to the control value. This is also the same time that the urinary 
aldosterone returns to its control level. Therefore, it may be only coincidence 
that a correlation between urine K/Na and urine aldosterone is found, be- 
cause both are found to vary between narrow limits during these periods. On 
the other hand, during periods of elevation of either of these quantities, this 
relationship is lost. This point is further illustrated in Table ITT. 

TABLE III, THE Urinary K/NA RATIO AND ALDOSTERONE OUTPUT IN MISCELLANEOUS 


SYNDROMES 








URINE — 
ALDOSTERONE 





PATIENT SYNDROME URINE K/Na (uG/24 HR.) 
0.35 176 
J.P. Adrenal carcinoma 1.00 180 
ACTH test Control 0.49 17 
40 U. per day Ist day 0.52 76 
3rd day 0.60 173 
Control 0.85 12 
1.40 21 
Post adrenalectomy 0.27 0 
C. B. K deficiency secondary to excessive 0.35 l 
ingestion of cascara 0.22 2 
K. 8S. Hyperaldosteronism 3.5 55 
A. P. Hyperaldosteronism without adrenal 
tumor 
Control 0.75 22 
ACTH. test 3rd day 1.20 63 
40 U. per day Control 0.47 23 
0.62 34 
1.10 36 
KCl load 3.40 $3 
2.60 2 
2.20 2 
M. M. Metabolie alkalosis while on Diuril 3.00 9 
0.78 2 








Table I reveals that the urinary exeretion of aldosterone rose in all pa- 
tients except in M. St. who underwent a cholecystectomy, and L. H., who 
sustained an exploratory thoracotomy. During the late postoperative course 
of L. H., a pleural effusion developed and urinary sodium exeretion fell to 
low levels without a concomitant rise in aldosterone output. These instances 
may demonstrate that output of aldosterone is related to the intensity of the 
stress. Both of these patients showed an increase in urine K/Na though of 
milder nature than the others. 

Although sodium balance became positive in almost all the patients ex- 
cept M. S., not all demonstrated a reduction in urine sodium output. <A 
common factor in all cases (G. P., J. W., L. M., L. H., J. S., A. M., and .J. LL.) 
in which a reduction in urinary sodium output occurred following surgery was 























i 
] Value . ADRENAL STEROIDS IN POSTOPERATIVE METABOLISM 117 
Number 
:4 
j a concomitant fall in serum sodium. The one (M. S.) who did not demonstrate 
i a change in urinary excretion of sodium showed no fall in the serum 
level. The period of sodium retention was always over before the third post- 
; operative day. Those undergoing partial gastrectomy, who received sodium 
on the day of surgery (J. W., G. P., M.8., and E. L.), showed a much smaller 
rise in urine K/Na ratio thin did L. M., who received no sodium. M. S., who 
received both sodium and potassium, had the smallest rise in urinary K/Na. 
Despite these differences all of the patients showed about the same maximum 
response in urinary aldosterone output (Figs. 6, A, B, and C, and 7). So- 
dium administration did not suppress aldosterone excretion. 
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| Fig. 6.—Balance data on 3 patients: A. J. S. (no sodium); B, G. P. (77 mEq. sodium) ; and 
C, J. W. (155 mEq. sodium). 





Only M. 8. and L. M. of Table I showed increased potassium excretion, 
and in both of these a rise in serum potassium was associated with this event. 
The serum potassium did not rise significantly in any of the other patients. 
All patients demonstrated negative potassium balanee. As sodium is added 
on the day of surgery the period of positive sodium balance shortens and 
the period of negative potassium balanee lengthens. When potassium is 
added on the day of operation, this effect is enhanced. 

It appears that the adrenal response to surgery of both aldosterone and 
hydrocortisone is dependent upon the magnitude of the stress, but while the 
influence of these adrenal steroids on renal exeretion of sodium and potas- 
sium may be of importance the predominant factor seems to be the pre- 
operative condition of patients in relation to sodium or potassium deficiency 
(Fig. 3, M. W.) or the manner in which they are supplied these electrolytes 
during surgery and the postoperative period. Studies of renal function in- 
dicate three possible sites of sodium reabsorption in the tubule. If the pa- 
tient is deficient in sodium and hyponatremic, the proximal tubule may re- 
absorb the majority of the sodium presented to it leaving so little that any 
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effect produced by endocrine-mobilized sodium-potassium exchange in the 
distal tubule would not be measured. Therefore, in order to study the effect 
of adrenal steroids on postoperative electrolyte balance, an adequate intake 
of sodium and potassium must be presented to the subject. An example of a 
patient studied in this manner is M. S., a 38-year-old man, who had a partial 
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Fig. 7—Balance data of patient (M. S.) who received 100 mEq. sodium and 80 mEq. potas- 
sium throughout study. 


gastrectomy for intractable duodenal ulcer. He was placed on an intake pro- 
viding 100 mEq. of sodium and 80 mEq. of potassium daily. This was held con- 
stant throughout the study with addition of sodium and potassium to exactly 
replace gastric losses. The balance data and steroid excretion data are presented 
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in Fig. 7 and Table I. The plasma steroid levels rose to 15 mg./100 ml. over the 
control values shortly after completion of surgery and had returned to the con- 
trol level by midnight on the evening of surgery. The correlation of the aldos- 
terone excretion and some metabolites of hydrocortisone is shown in Fig. 8. 
They both seem to follow the change in urine K/Na, though they are a little out 
of phase. There was no change in serum sodium and almost no change in urine 
sodium exeretion. There was a rise in serum potassium and this was associated 
with an increased potassium exeretion. It cannot be argued that aldosterone in- 
fluenced the sodium exeretion in this patient, although it may have influenced 
potassium output. The secretion of aldosterone was not suppressed by sodium 
administration. 
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Fig. 8.—Relationship of 17-hydroxycorticosteroid excretion to aldosterone excretion in Patient 
M. S. 


DISCUSSION 


The results of this discussion do not substantiate a correlation between the 
electrolyte changes seen in surgery and the urinary excretion of the acid- 
labile conjugate of aldosterone. Since this study was begun in 1956 a great 
deal more has been learned about the chemistry and physiology of aldoster- 
one. It is now clear that this steroid is produced principally in the zona 
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glomerulosa of the adrenal gland.' Desoxyecorticosterone is one of the pre- 
cursors in the biosynthesis of aldosterone. Any stimulus which increases the 
substrate concentration of desoxycorticosterone will increase the output of 
aldosterone as well as hydrocortisone and eorticosterone. This can be ae- 
complished by ACTH and it has been demonstrated by many investigators 
that ACTH is indeed capable of causing an increase in the urinary excretion 
of aldosterone, both in patients who have been depleted of sodium and those 
on a normal diet. A 90 per cent drop in the seeretion of aldosterone from the 
adrenal vein of dogs has been observed in our laboratory following hy- 
pophysectomy. The correlation between hydrocortisone and aldosterone ex- 
cretion seen in Fig. 8 suggests that the aldosterone response in this patient 
may have been the result of ACTH stimulation. This is also demonstrated for 
Patients J. P. and A. P. in Table III. This response in the latter patient has 
been deseribed in detail elsewhere.'’ 

Work by Davis and associates, Farrell and co-workers,” and Bartter 
suggests that one of the potent stimuli for aldosterone is a change in intra- 
vascular volume. This reponse is probably mediated through the release of 
a neurohormone from the region of the pineal gland or posterior commissure 
bodies which is able to stimulate selectively an increase in the rate of the step 
between desoxyecorticosterone and aldosterone in the zona glomerulosa with- 
out affecting the metabolism of hydrocortisone or corticosterone. This sub- 
stance has been named glomerulotrophic hormone (GTH). Davis has shown 
that changes in intravascular volume which are capable of stimulating the 
output of aldosterone from the adrenal veins of a dog do not cause an in- 
erease in the output of hydrocortisone or corticosterone. This mechanism 
seems to be mediated by stretch receptors in the right atrium through the 
vagus to the higher centers or through receptors in the carotid bodies through 
the sinus nerve. There is evidence that cardiac output may fall during 
surgery**; however, the fact that sodium loading does not block the aldos- 
terone response suggests that this does not play a significant role in the in- 
creased output seen following surgery. The rate of metabolism of injected 
aldosterone is now known and a number of the urinary metabolites of 
aldosterone have been isolated.'| One of these has now been identified as tet- 
rahydroaldosterone** and has been found to consist of a much larger per- 
centage of the adrenal output than the previously known acid-labile conju- 
vate. Furthermore, it has now been shown that in various disease states there 
ean be a shift in the proportion of different aldosterone metabolites. This is the 
case in pregnancy. It is now possible with double isotope derivative methods 
that have been developed by Kliman and Peterson to measure plasma levels 
of aldosterone. However, these methods still require a large sample of blood 
and makes serial studies of plasma aldosterone concentrations difficult. Chen 
and Peterson have demonstrated that the aldosterone circulating in the 
plasma is in two forms. One form is biologically active and the other form is 
bound to protein. They have found that in the normal range of aldosterone 
concentration in the plasma, approximately 50 per cent is in the free form. 
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In order to investigate the effect of adrenal secretion of aldosterone in 
the surgical patient upon the excretion of sodium and potassium the fraction 
of plasma aldosterone not bound to protein should actually be measured. 

Though the role which the adrenal plays in postoperative electrolyte 
metabolism is in doubt at the present time, it is obvious that untreated pa- 
tients with adrenal insufficiency cannot survive surgery. The entire nature 
of this life-maintaining funetion is still not completely elucidated. Work 
in progress suggests that aldosterone may perform some vital function in the 
transport of potassium across cell membranes. A significant finding obtained 
in this connection is the experiments previously reported from this laboratory 
showing that potassium infusion in dogs stimulates aldosterone production 
as measured by the concentration of this steroid in adrenal vein blood.'* It 
appears, therefore, that in addition to the mechanisms mentioned previously 
the potassium concentration itself may be a regulatory factor in determining 
the extent of aldosterone production and that this substance may be mobilized 
to prevent the damaging effects consequent to the release of intracellular 
potassium in association with trauma. 


SUMMARY AND CONCLUSIONS 


Analysis of data on 11 patients (7 of whom had urinary aldosterone 
estimations) who were on balance study at the time of surgery suggests that 
the preoperative status and the postoperative management are the most im- 
portant factors influencing the sodium and potassium metabolism in the 
surgical patient. The amount of aldosterone secreted in the urine is pro- 
portional to the magnitude of the operation. It is not affected by sodium 
loading. The urinary potassium-to-sodium ratio could be correlated with the 
urinary aldosterone excretion before surgery and in the later postoperative 
course, but not on the day of surgery nor the immediate postsurgical period. 
The relationship of the urinary output of aldosterone to that of hydro- 
cortisone metabolites suggests that both may be controlled by the same 


stimulus (ACTH) in the surgical patient. 


We are indebted to Mrs. A. Salem, Miss M. Moran, Mrs. I, Hackner, and Mrs. R. 
Martinson for technical assistance throughout various phases of this study. 


REFERENCES 


1. Ayres, P. J., Barlow, J., Garrod, O., Kellie, A. E., Tait, 8S. A. 8., Tait, J. F., and 
Walker, G.: The Metabolism of (16-H8) Aldosterone in Man, An International 
Symposium on Aldosterone, edited by Muller, A. F., and O’Connor, C. M., Boston, 
1958, Little, Brown & Company, p. 73. 

2. Bloch, H. 8., Zimmermann, B., and Cohen, 8. L.: Paper Chromatography of Pregnane- 

diol and Related Compounds, J. Clin. Endoecrin. & Metab. 13: 1206, 1953. 

3. Casey, J. H., Bickel, E. Y., and Zimmermann, B.: The Pattern and Significance of 
Aldosterone Excretion by the Postoperative Surgical Patient, Surg. Gynec. & 
Obst. 105: 179, 1957. 

4, Davis, J. O., Kliman, B., Yanokopoulos, N. A., and Peterson, R. E.: Increased 
Aldosterone Secretion Following Acute Constrictions of the Inferior Vena Cava, 
J. Clin. Invest. 37: 1783, 1958. 

5. Eberlein, W. R., and Bongiovanni, A. M.: New Solvent Systems for the Resolution 
of Corticosteroids by Paper Chromatography, Arch. Biochem. 59: 90, 1955. 

i. Farrell, G.: Regulation of Aldosterone Secretion, Physiol. Rev. 38: 709, 1958. 


? 








122 


7. 





MORAN, ROSENBERG, SCHLOFF, AND ZIMMERMANN ] hg 
uly, 5¢ 


Forrest, A. P. M., Peebles Brown, D. A., Morris, 8S. A., and Hendry, E. B.: Metabolic 
Response to Surgery in Totally Adrenalectomized Women, J. Roy. Col. Surgeons 
Edinburgh 3: 33, 1957. 


Y 


. Graber, I. G., and Beaconsfield, P.: Metabolic Changes and Therapeutic Considerations 


in Bilateral Adrenalectomy, Brit. M. J. 2: 704, 1955. 
Jepson, R. P., Jordan, A., Levell, M. J., and Wilson, G. M.: Metabolic Response to 
Adrenalectomy, Ann, Surg. 145: 1, 1956. 


. Lilaurado, J. G.: Increased Excretion of Aldosterone Immediately After Operation, 


Lancet 1: 1295, 1955. 


. Llaurado, J. G., Neher, R., and Wettstein, A.: Chemical Identification of Aldosterone 


in Postoperative Urine, Clin. Chem. acta 1: 236, 1956. 


. Liaurado, J. G., and Woodruff, M. F. A.: Postoperative Transient Aldosteronism, 


SURGERY 42: 313, 1957. 


. Llaurado, J. G., and Woodruff, M. F, A.: Some Observations on the Mechanism of 


Postoperative Transient Aldosteronism With Special Reference to Early Changes 
in Serum Electrolyte Levels, SuRGERY 43: 787, 1958. 


. Mason, 8. C.: Metabolic Response to Adrenalectomy and Hypophysectomy, Lancet 2: 


632, 1955. 


- Moore, F. D., and Ball, M. R.: The Metabolic Response to Surgery, Springfield, IIl., 


1952, Charles C Thomas, Publisher. 


. Moore, F. D., Steenburg, R. W., Ball, M. R., Wilson, G. M., and Myrden, J. R.: Studies 


in Surgical Endocrinology: I. The Urinary Excretion of 17-Hydroxycorticoids, 
and Associated Metabolic Changes, in Cases of Soft Tissue Trauma of Varying 
Severity and in Bone Trauma, Ann. Surg. 141: 145, 1955. 


. Moran, W., Goetz, F. C., Melby, J., Zimmermann, B., and Kennedy, B. J.: Primary 


Hyperaldosteronism Without Adrenal Tumor, Am. J. Med. In press. 


. Moran, W. H., Rosenberg, J. C., and Zimmermann, B.: The Regulation of Aldosterone 


Secretion: The Effect of Potassium Ion, S. Forum 9: 120, 1959. 


. Neher, R., and Wettstein, A.: Physico-chemical Detection and Measurement of 


Aldosterone in Body Fluids and Tissues, Acta endocrin. 18: 386, 1955. 


. Randall, R. E., Jr., and Papper, S.: Mechanism of Postoperative Limitation in Sodium 


Excretion: The Role of Extracellular Fluid Volume and of Adrenal Cortical 
Activity, J. Clin. Invest. 37: 1628, 1958. 


. Reddy, W. J.: Modification of the Reddy-Jenkins-Thorn Method for the Estimation 


of 17-Hydroxycorticoids in vivo, Metabolism 3: 489, 1954. 


. Silber, R. H., Busch, R. D., and Oslapas, R.: Practical Procedure for Estimation of 


Corticosterone or Hydrocortisone, Clin. Chem. 4: 278, 1958. 
Silber, R. H., and Porter, C. C.: The Determination of 17, 21-dihydroxy-20-ketosteroids 
in Urine and Plasma, J. Biol, Chem. 210: 923, 1954. 


. Ulick, S., and Lieberman, 8.: Evidence for the Occurence of a Metabolite of Aldos- 


terone in Urine, J. Am. Chem. Soc. 79: 6567, 1957. 


25. Weil, P., and Browne, J. S. L.: The Excretion of Cortin After Surgical Operation, 


Science 90: 445, 1939. 


. Zimmermann, B., Casey, J. H., Bloch, H. S., Bickel, E. Y., and Govrik, K.: Excretion 


of Aldosterone by the Postoperative Patient, S. Forum 6: 3, 1956. 


. Zimmermann, B., and Schoenbauer, M. M.: Studies on the Control of Salt-Regulating 


Adrenal Hormones, S. Forum 2: 547, 1952. 


. Zimmermann, B., and Visscher, M.: Unpublished results. 


(For discussion, see page 142.) 








WATER AND ELECTROLYTE EXCHANGES DURING OPERATION 
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E. TutHiui, M.A. (By Invitation), New Haven, Conn. 


(From The Samuel C. Harvey Metabolic Unit, Department of Surgery, Yale University School 
of Medicine) 


INTRODUCTION 


EVERAL factors have determined attitudes about the parenteral adminis- 

tration of electrolyte solutions after operation or trauma. Isotonie solu- 
tions have been withheld during the operative procedure and the immediate 
postoperative period because it was considered that such therapy presented 
hazards of serious sodium retention and dangerous edema formation.'* 2% 7° 
Such fears were common even before data concerning the presumed role of the 
adrenal cortex in the metabolic response to injury became so well established. 
It is true, nevertheless, that experience has shown that sodium retention does 
occur during and after an operative procedure with the development of edema 
under certain circumstances. It is equally well known that water intoxication 
and serum dilution can be produced by using a physiologic solution such as 
lactate Ringer’s solution (which is slightly hypo-osmotic) when it is adminis- 
tered in the presence of antidiuretic hormone or during manipulations that 
are known to release antidiuretic hormone.'* <A possible explanation for this 
phenomenon is that the average postoperative patient excretes water at the 
rate of 1 ml. per milliosmol in the immediate postoperative period while the 
fluid administered contains 3.8 ml. milliosmol.’® All this occurs without once 
invoking the aid of the adrenal cortex. 

With increased knowledge of the adrenocortical response following 
trauma and the recognition of concurrent sodium retention and elevations in 
the plasma level of 17-hydroxycorticosteroids and in the urinary excretion of 
their metabolic products, it has been assumed that only one response pattern 
is present.” 1 7° Balance studies showing sodium retention in nonsurgical 
patients receiving cortisone (E) or ACTH have been extrapolated and com- 
pared to operated patients with endogenous ACTH production, releasing 
principally hydrocortisone (F). This explanation has been questioned be- 
cause of the reported natriuresis induced by the intravenous infusion of com- 
pound F in patients with Addison’s disease®* and by studies in surgically 
adrenalectomized patients.’° 


This study was supported by a grant from the Josiah Macy, Jr., Foundation, and aided 
by a contract between the Office of Naval Research, Department of the Navy, and Yale Uni- 
versity, School of Medicine, NR 105057. 

Read at the Twentieth Annual Meeting of the Society of University Surgeons, Denver, 
Colo., Feb. 12-14, 1959. 

‘ *Dr. Greene is Professor and Chief of the Section of Anesthesia in the Department of 
Surgery. 
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With the further development in knowledge of adrenocortical physi- 
ology, surgeons have become aware of the action of aldosterone,’® '* *° the 
principal electrolyte-active hormone of the adrenal cortex. The exact mech- 
anisms controlling the release of this hormone have not been definitely elari- 
fied." It has been postulated that sudden changes in the serum sodium 
concentration, the sodium-potassium ratio in the serum, the blood vascular 
tonicity, or extracellular fluid volume, either alone or in combination were 
instrumental in the release of aldosterone. Increased urinary exeretion of 
this hormone has been suggested to follow trauma and subsequently to result 
in sodium retention.’* Again, this mechanism has been questioned because 
it has been shown that, if adequate amounts of electrolytes are supplied dur- 
ing the operative procedure and throughout the immediate postoperative 
period, bioassay determined aldosterone excretion can be kept at minimal 
levels without sodium retention.’ If, however, sodium is withheld from these 
patients during and immediately after the operative procedure, there is an 
increased excretion of aldosterone as determined either by bioassay methods 
or by an evaluation of the urinary K/Na ratio.’° '* 

The impression that body weight should display a prompt postoperative 
decrease resulting from endogenous metabolism also has discouraged eleetro- 
lyte administration during this crucial time. It has been accepted universally 
that unless a prompt decrease in weight is noted postoperatively, the patient 
is excessively retaining fluid.’ This undoubtedly is true as had been docu- 
mented by the administration of 5 per cent glucose in distilled water during 
and after operation. This is particularly emphasized by the demonstration 
of an aetive antidiuretic mechanism which selectively retains water.* '° '* ** 

The sole exception to the concept of a necessary post-traumatic body 
weight decrease has been in conditions associated with altered vascular per- 
meability, such as patients suffering from burns.? It is possible to compare 
the patient suffering from a burn with the patient who has had a moderately 
extensive operative procedure. The operative handling of tissues certainly 
results in tissue damage. This damage may be rather extensive since it has 
been assumed that the peritoneal surface of the abdominal eavity is roughly 
equivalent to the cutaneous surface of the human body. It is reasonable to 
assume on this basis that the tissue damage incurred by operation is asso- 
ciated with altered vascular permeability and may be important in the ere- 
ation of the so-called ‘‘third space’’ similar to that occurring in a burned 
area.* 

The following investigation was designed to demonstrate that sodium 
retention exists in the postoperative patient, presumably related to altered 
vascular permeability and independent of hormonally controlled renal tubu- 
lar reabsorption. 

MATERIALS AND METHODS 

Four patients, 3 men and one woman, who were clinically free of endocrinologic, 

eardiae, or renal disease were maintained in the metabolie unit. A diet of constant com 


position and constant sodium content was provided daily by a research dietitian. 
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The patients were all subjected to operative procedures concerned with the biliary 
system. Patient F. H. had a secondary cholecystectomy after a cholecystostomy for acute 
cholecystitis; this was considered to be an operative procedure entailing major trauma. 
Patient A. A. had a cholecystectomy, common duct exploration, and transduodenal 
sphineterotomy and also was considered to have withstood severe trauma. Patients D. M. 
and V. B. had primary cholecystectomies which were considered as moderate trauma. 
The patients were maintained on a constant diet for 3 days prior to the operative pro- 
cedure. On the operative day and for 3 days postoperatively each patient received pa- 
renteral fluids as calculated for maintenance. Patients F. H. and D. M. received lactate 
Ringer’s solution to provide the necessary fluids and Patients A. A. and V. B. received 
5 per cent dextrose in water. On the fourth and fifth postoperative days each patient 
received the same diet that he had received preoperatively. The 3 preoperative and 3 
postoperative days were divided into 4 equal 6-hour observation periods for convenience 
in collecting specimens and for the study of diurnal variations in the parameters to be 
outlined. The end of each collection period on the day of operation was determined by 
events, such as premedication, beginning of anesthesia, and beginning or end of opera- 
tion. During the course of the operative procedure, collection periods were of one hour’s 
duration. The time from the termination of the operation to the beginning of the first 
postoperative day was divided into 4-hour observation periods. On the operative day and 
for the first 3 postoperative days, urine collections were made by dependent, indwelling 
catheter drainage. 

Observations were made of urine flow (recorded in milliliters per minute); serum 
and urine osmolarity estimations (by freezing point depression); serum sodium, urine 
sodium, and urine potassium (by internal standard flame photometry); and serum and 
urine creatinine.s Body weight was determined by use of a scale with an accuracy of 
+ 10 grams. Plasma hydrocortisone levels were determined by method of Silber and 
Busch,2° and plasma pressor amines by the method of Weil-Malherbe and Bone?24 as modi- 
fied by Aronow and Howard.1 


Anesthetic Management.—All patients were given, one hour before anesthesia, a stand- 
ard intramuscular premedication consisting of sodium pentobarbital 100 mg. and scopol- 
amine 0.4 mg. per 70 Kg. of body weight. Anesthesia consisted of closed circle absorption 
ether with endotracheal intubation when indicated. No muscle relaxants were employed 
and no other anesthetic agents were used except for nitrous oxide during induction. All 
anesthetics were administered by senior staff anesthesiologists experienced in administer- 
ing ether to adults; the majority was administered by the same person (N. M. G.). Care 
was taken to assure adequate ventilation at all times. Arterial hypotension was not noted. 
Blood was given slowly in a volume to replace samples drawn for the study. No vaso- 
pressor agents were required. 

Calculations.—Preoperatively Patient F. H. received dietary sodium of 71.7 mEq. per 
square meter per day; the three other patients received about 135 mEq. per square meter 
per day (A. M., 136.7 mEq.; D. M., 141.2 mEq.; V. B., 130.2 mEq.) and were considered 
to be sodium loaded. 

Clearance techniques were used to study the various parameters in this study. Os- 
molar clearance?! was calculated as Cysm X V, V = urine flow, milliliters per minute. 
Osmolar clearance is considered to be the amount of solute excreted, expressed in terms 
of the volume of iso-osmotic fluid it represents. The volume of urine excreted represents 
this iso-osmotie fluid after either dilution or concentration has been effected, depending 
at least in part on the presence of ADH. “Free” water clearance?! (Cy.o = V - Cosm), 
the difference between the two, is negative when water is being conserved at the expense 
of solute and indicates the presence of antidiuretic hormone (ADH). 


‘ F Ux : 
Sodium clearance (Cx,) was determined by the standard concept, Cy, = —** x V. 
Na 


Glomerular filtration (GFR) was determined by endogenous true creatinine clearance. 
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The percentage of glomerular-filtered sodium which appeared in the urine was ob 


tained by calculating ante The urinary K/Na ratio was employed to indicate the 
level of aldosterone activity in the urine during the period of any particular collection. 
Since this ratio may be questioned under some circumstances, it is important to point out 
that no artificial situations were knowingly created that would alter the validity of the 
K/Na ratio which reflected aldosterone activity.1°,14 This is a justifiable measure since 
it corroborates the results of studies previously reported in which bioassays of aldosterone 
were done.1° 

The calculations of fluid requirements were those that have been previously pub- 
lished and, as 5 per cent glucose in distilled water, totaled for the 24-hour operative day 
requirement 1,000 ml. per square meter. An additional 250 ml. per square meter was given 
for each additional postoperative day. These volumes of fluid were administered over 
a 24-hour period at a constant rate of infusion. A temperature correction was made 
consisting of 7 per cent of the water requirements for each degree the rectal temperature 
was above 99.6° F.10 

Since lactate Ringer’s solution contains an osmolar concentration of 263 mosm. 
1,000 ml. 


_’_____*_}, it is easy to determine water 
263 mosm. 


per liter or 3.8 ml. of water per milliosmol ( 


requirements when supplied as lactate Ringer’s solution. Since it is known that the uri- 
nary water concentration for patients in the immediate postoperative period averages 
1 ml. per milliosmol!® then, of 3.8 ml. of lactate Ringer’s solution supplied, 2.8 ml. repre- 
sents unobligated water which is available for metabolism. It is possible, therefore, to 
supply free water as lactate Ringer’s solution by giving 1.4 times the calculated amount 
expressed as 5 per cent glucose in distilled water. 


RESULTS 
Plasma Hydrocortisone Levels——The values for the plasma compound F 
levels shown in Figs. 1-4 are the results obtained on 24 patients not included 
in this study but who had been subjected to comparable biliary tract and 
gastric operations. The values are presented as representing ranges of nor- 
mal, diurnal variation, and response to operative trauma. There is no reason 
to believe that the values for any patient in the current study would vary 
greatly from the illustrated hormonal background. 


Plasma Pressor Amines.—The values for these products in the plasma were 
obtained from the same 24 patients afore-mentioned. The same interpretation 
should be applied to these values. 

The justification for applying data from a large group of patients to the 
four in the present study is founded on two premises: (1) to avoid excessive 
blood loss in the study group, and (2) to provide as complete a picture of the 
hormonal environment as possible. The values of these hormones in the 
plasma are recorded by the pertinent events on the operative day in this 
study. 

Observations Relating Sodium Excretion and Water Requirements to the 
Hormonal Background.—Fig. 1 represents the results in Patient F. H., who 
underwent major trauma. Fig. 1, A illustrates data from the operative day. 
The intravenous infusion of the calculated amount of lactate Ringer’s solu- 
tion was started at midnight of the day before operation, resulting in a high 
urine flow at the time that premedication was given. The urine osmdlarity 
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Fig. 1.—Major trauma 





us indicated by the light vertical lines. A, Detailed data from the operative day. B, Data 
‘rom the entire study period. On the operative day PPM—just prior to premedication ; PA— 
just before beginning the anesthesia; OP—beginning of operation: EOP—end of operation ; 
|'V—start of continuous infusion. 
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progressively rose following the onset of the operative procedure from 220) 


to 780 mosm. per liter. There was a temporary and transient rise in the 
serum osmolarity (295 to 305 mosm. per liter) but never seriously out 01 
physiologic limits. The patient displayed a positive free water clearance 
until the period immediately preceding the onset of the operative procedure. 
There was a progressive decrease in the urine water concentration from 4.5 
to a minimum of 1.2 ml. per milliosmol in the immediate postoperative period. 
The negative free water clearance and the reduction in the urine water con- 
centration reflect the relative degree of antidiuretic hormone activity at this 
time. GFR fell to very low levels with the beginning of anesthesia as indi- 
cated by the creatinine clearance. Extreme caution, however, is necessary 
in the interpretation of clearances in the presence of rapidly changing rates 
of urine flow.*** During the later stages of the operative procedure, when 
the GFR returned to relatively preoperative levels, Cy, was beginning to in- 
crease. The most important observation to be made is that the percentage 
of glomerular-filtered sodium appearing in the urine was not greatly differ- 
ent from that during the control period, immediately preceding the operation. 
The K/Na ratio did not rise significantly in degree or duration out of the 
range of the preoperative diurnal variation. All these changes were occur- 
ring as the plasma compound F and plasma pressor amines levels were rising 
to a sustained high value. Thus it is seen from the observations made in this 
patient that aldosterone excretion was not increased by the trauma of the 
operative procedure itself and that tubular reabsorption of sodium was not 
significantly increased even though the plasma levels of compound | were 
elevated. 

Fig. 1, B represents all the data from the entire study of this patient. 
During the 3 preoperative days of constant dietary intake and demineralized 
water ad libitum, there was a diurnal variation in the rate of urine flow with 
the highest flows occurring in the first 6-hour period of each day. The serum 
osmolarity for the patient remained constant within physiologic limits. The 
urine osmolarity was very low, less than the serum osmolarity. Urine water 
concentration was within the central range of normal and the patient was 
essentially in water balance as shown by the minimal periodic positive and 
negative free water clearances. GER was essentially constant throughout. 
Cy, was low since the patient was on an average intake of sodium throughout 
this period. Both Cy, and the percentage of glomerular-filtered sodium ap- 
pearing in the urine showed diurnal variations which were fairly reprodue- 
ible day to day for comparable periods of collection. There was a diurnal 
variation in the K/Na ratio; this ratio was lowest when the amount of glo- 
merular-filtered sodium appearing in the urine was highest each day. The ratio 
rose during the day and reached a peak in the third collection period of each 
day. The plasma compound F shows the diurnal variation and the range of 
normal as determined in this laboratory. The patient’s body weight remained 
relatively constant during the 3 preoperative days. 
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During the postoperative period it is seen that the serum osmolarity de- 
creased (but not below 280 mOsm. per liter) and the urine osmolarity rose, 
violating the homeostatic control of antidiuretic hormone release.’? At the 
same time that the serum osmolarity was falling and the urine osmolarity 
was rising, the free water clearance became progressively more negative. 
GER returned to the preoperative levels by the first postoperative day and 
sodium clearance also returned to preoperative levels. The percentage of 
glomerular-filtered sodium which appeared in the urine never was much be- 
low the general average of the preoperative level. The K/Na ratio, reflecting 
the availability of aldosterone on the first postoperative day, was essentially 
within the preoperative range of diurnal variation. The patient’s weight de- 
ereased slightly on the first postoperative day and promptly increased on 
the second day while sodium exeretion (the percentage of glomerular-filtered 
sodium appearing in the urine) attained very high levels. The K/Na ratio 
remained flat throughout the period of the study. The duration of action by 
the antidiuretic mechanism operating in this patient appeared to reach its 
peak and to end by the middle of the second postoperative day. Neverthe- 
less, with urine flows of 3 to 4 ml. per minute the free water clearance re- 
mained negative and the urine water concentration was beginning to rise 
during the middle of the second postoperative day. GER was maintained 
at or above preoperative levels and sodium exeretion was very high. This 
all occurred during the time the plasma compound F levels were above nor- 
mal range but were progressively decreasing, so that by the third day the 
plasma levels were back to preoperative values. 

Fig. 2 represents data resulting from major trauma in a patient main- 
tained on calculated fluids administered as 5 per cent glucose in distilled 
water. Fig. 2, A depicts the data obtained during the operative day. The 
patient’s urine osmolarity and serum osmolarity were within normal ranges 
before the beginning of the anesthesia and the operation. The serum osmo- 
larity rese during the course of the operative procedure (from 288 to 298 
mOsm. per liter) but not out of physiologie limits. The urine osmolarity 
progressively increased as a positive free water clearance became minimally 
negative. Since the degree of negative free water clearanee never became 
large, it is assumed that water was being administered as the patient was 
metabolizing it. A decrease in GFR was apparent during the course of the 
operative procedure, subject to the same restrictions in interpretation as dis- 
cussed before. In contrast to the preceding patient, however, the percentage 
of filtered sodium appearing in the urine was practically negligible. This 
would indicate that nearly all of the glomerular-filtered sodium was being 
subjected to tubular reabsorption. In the course of these events the K/Na 
ratio rose to very high values reaching a peak in the immediate postoperative 
period. These events all occurred at the same time that the maximum adreno- 
cortieal response (controlled by ACTH release) was evidenced by the elevated 
plasma compound F' levels and there was an increase in plasma pressor 
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amines. The changes in the blood pressure of the patient did not correlate 
well with the demonstrated changes in sodium excretion. At no time did the 
systolic blood pressure fall to levels impairing renal blood flow. 

Fig. 2, B shows the data available from the entire metabolie study period 
in Patient A. A. The preoperative studies were essentially the same as those 
shown for Patient F. H. with the same types of diurnal variations. The only 
difference readily apparent in A. A. is the flattened diurnal variation in the 
K/Na ratio as expected from the increased dietary intake of sodium. This 
patient displayed a prompt, large, and progressive decrease in body weight 
that is supposed to occur in a patient receiving only 5 per cent dextrose in 
water. Nevertheless his hormonal responses were essentially the same as 
were seen in the previous patient, except for the release of aldosterone as 
reflected in the K/Na ratio. The aldosterone levels on the first, second, and 
third postoperative days were considerably greater than control levels. Dur- 
ing the same period the percentage of glomerular-filtered sodium appearing 
in the urine was very low. Only on the fourth and fifth postoperative days 
when the patient was resuming his preoperative intake of sodium did the 
K/Na ratio return to the range of normal for this individual. There was a 
gain in weight and the amount of sodium appearing in the urine was begin- 
ning to return to the level that was seen prior to the operative procedure. 
The antidiuretic mechanism as shown by free water clearance and the diver- 
gence of serum and urine osmolarities persisted until the beginning of the sec- 
ond postoperative day. 

Fig. 3 illustrates studies on a patient (D. M.) with moderate trauma on 
the operative day. Fig. 3, A represents the data obtained on the operative 
day. The serum osmolarity during the course of the operation did not rise 
out of physiologic limits (278 to 290 mOsm. per liter), even though the nega- 
tive free water clearance progressively became more negative. The urine 
water concentration did not change significantly during the course of the 
study. The patient’s urine osmolarity rose as the anesthesia and operation 
were begun and continued to rise progressively with a postoperative minimal 
degree of negative free water clearance. The previous remarks concerning 
the GFR are applicable also in this ease. This patient received lactate Ring- 
er’s solution throughout the operative procedure and exhibited a low Cya 
during the course of the operation and the immediate postoperative period. 
The percentage of filtered sodium appearing in the urine was below the level 
of the first observation (control) period of the operative day and the K/Na 
ratio rose significantly beyond the level of the diurnal variation. The patient 
had been receiving a high sodium intake prior to the operative procedure. 
It is important to indicate, however, that the K/Na ratio did not exceed the 
diurnal variation limits ordinarily seen in patients receiving an average 
dietary sodium intake. These changes were all occurring at the time that 
the plasma steroid level as well as pressor amines level were rising and were 
being maintained at an increased level. 

Fig. 3, B represents the entire study on the patient (D. M.) undergoing 
moderate operative trauma while maintained on lactate Ringer’s solution. 
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The percentage of glomerular-filtered sodium appearing in the urine in the 
immediate postoperative period and the early part of the first postoperative 
day was below preoperative levels. This, however, soon rose to levels above 
or at the preoperative control levels. The K/Na ratio promptly fell to very 
low values well within this patient’s control period diurnal variation. Fail- 
ure to demonstrate excessive tubular reabsorption of sodium under hormonal 
control was occurring at a time that the plasma compound F levels were 
higher than normal. This patient showed a progressive gain in weight for 
the first 3 days and then a fall on the fourth and fifth postoperative days 
when he returned to oral intake of sodium. The negative free water clearance 
and the elevated urine osmolarity and falling serum osmolarity all would 
indicate that this patient had an antidiuretic response which lasted at least 
through the third postoperative day. Examination of the data with reference 
to the first and second postoperative days shows that there was a progres- 
sively increasing percentage of glomerular-filtered sodium appearing in the 
urine at a time the patient was showing a weight gain with only lactate 
Ringer’s solution as the source of fluid administration. No ealorie value was 
present in these fluids. Thus it was evident that with a low urinary K/Na 
ratio, a high plasma compound F level, an elevated plasma level of pressor 
amines, and a high urinary sodium exeretion the weight gain (with sodium 
retention) was occurring in this patient independently of any known hor- 
monal activity. 

Fig. 4 is a chart of the data obtained on a patient (V. B.) undergoing 
moderate trauma maintained throughout the operative day and the first 3 
postoperative days with 5 per cent glucose in water. Fig. 4, A represents 
the data obtained on the operative day. The patient (V. B.) showed the eus- 
tomary antidiuretic response to trauma as evidenced by the rising urine 
osmolarity in the presence of a slightly falling serum osmolarity and a nega- 
tive free water clearance which became greater in the immediate postoper- 
ative period. After the glomerular filtration rate returned to preoperative 
control levels in the postoperative period, it was apparent that this patient 
was excreting sodium at about the same rate that occurred prior to the 
operative procedure. This was demonstrated by the percentage of glomeru- 
lar-filtered sodium appearing in the urine while the K/Na ratio was essentially 
within the range of the diurnal variation. This ability to exerete sodium 
when there was no sodium intake in the face of an elevated plasma com- 
pound F level would support the contention that the physiologic activities 
of this hormone promotes sodium exeretion or, at least, does not provoke 


sodium retention. 

Kig. 4, B summarizes the data from the total study on Patient V. B. in 
which are demonstrated several interesting findings. In the preoperative con- 
trol period the patient who was receiving 130 mEq. of sodium per square meter 
per day had a significant sodium retention over the first and second days of 
the eontrol period with elevated K/Na ratios. The patient had multiple gas- 
irointestinal roentgen examinations just prior to the beginning of the period 
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of observation which required purgation. This necessarily caused a loss of 
sodium and consequently the patient retained it over the early course of the 
preoperative period. Subsequent to the operative procedure, the percentage 
of glomerular-filtered sodium appearing in the urine by the end of the first 
postoperative day was practically negligible. This was associated with progres- 
sive rise in the K/Na ratio at a time that the plasma compound F levels were 
falling. The patient showed a very prompt and significant weight loss from 
the morning of operation to the first, second, and third postoperative days. 
Weight gain only became apparent when the patient was returned to the dietary 
intake of sodium on the fourth and fifth postoperative days. The antidiuretic 
hormonal response to operative trauma was of very short duration in this pa- 
tient and was essentially completed by the first postoperative day. This was 
shown by the transient fall in serum and rise in urine osmolarity on the opera- 
*tive day and the subsequent appearance of a positive free water clearance on 
the first postoperative day. 


Observations on Sodium Balance.—Fig. 5 shows sodium balance data on 
all of the patients included in this study charted according to method of Reifen- 
stein, Albright, and Wells.1® Fig. 5, A and C show the data on the 2 patients 
who received lactate Ringer’s solution through operation and convalescence. 
The first patient, F. H., was essentially in sodium balance prior to operative 
procedure. On the first and second postoperative days the patient was 
strongly in positive sodium balance but as has been indicated this did not re- 
fleet a known endocrinologie response. The K/Na ratio through these days 
had been very low and the percentage of glomerular-filtered sodium appear- 
ing in the urine indicated minimal changes in the tubular reabsorption of 
sodium as compared to the control period. In Fig. 5, C Patient D. M., who re- 
ceived a similar electrolyte solution through operation and the postoperative 
period, was in positive sodium balance prior to operation because of the sud- 
den increase in the dietary load of sodium given before the operative trauma. 
Postoperatively this patient showed the same positive sodium balance when 
given large amounts of sodium, but on the fourth and fifth days, when re- 
turned to an oral diet, the patient was in negative sodium balance. Again 
these changes occurred without any evident hormonal explanation. 

By contrast, Fig. 5, B shows data on Patient A. A. who was essentially 
in sodium balance before the operative procedure and who received 5 per 
cent dextrose in water on the day of operation and for 3 days postoperatively. 
In this instance although there was no sodium intake on the first, second, 
and third postoperative days, there was negative sodium balance which be- 
came progressively less. On the fourth and fifth postoperative days when 
the patient was returned to the preoperative dietary intake, there was sig- 
nificant sodium retention. This sodium retention occurred at a time when 
the plasma compound F levels were within normal range. This sodium reten- 
tion was occurring, however, when the K/Na ratio was returning to the pre- 
operative levels, and there was an increase in the percentage of filtered 


sodium appearing in the urine. 
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Fig. 5, D demonstrates the patient who had the very high K/Na ratios 
on the third preoperative day due to previous salt depletion and shows a very 
significant positive balance on the third and second preoperative days. By 
the day immediately prior to the operative procedure, the patient was essen 
tially in sodium balance. During the postoperative period when there was 
no sodium intake, the patient was slightly in negative sodium balance. Wher 
she returned to preoperative dietary sodium intake, there was almost maximal 
retention of sodium. This occurred when the plasma compound F levels were 
back within normal range, but the K/Na ratio was significantly elevated. 
This ean be correlated with the minimal percentage of glomerular-filtered 
sodium appearing in the urine at this time. 
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Fig. 5.—Sodium balance data on all patients in the study. A, Major trauma with lac- 
tate Ringer’s solution; B, major trauma with 5 per cent dextrose in distilled water; OC, moder- 
ate trauma with lactate Ringer’s solution; D, moderate trauma with 5 per cent dextrose in 
distilled water. 

Observation on Body Weight Changes and ‘‘Third Space’’ Calculated From 
Sodium Balances.—Fig. 6 depicts the observed body weight changes from the 
previous day in grams and the ‘‘third space’’ calculated from the sodium 
balance in which 142 mEq. of sodium is equivalent to 1,000 Gm. of extracel- 


lular fluid. The caleulations were made and body weights were determined 
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at a time each day when the serum sodium and the serum osmolarity were 
unchanged from the previous day. The zero value for the body weights were 
those of the morning of the beginning of the study, that is, the third day 
prior to operation. It is readily apparent from Fig. 6, A and C (Patients 
F. H. and D. M. who received lactate Ringer’s solution) that the change in 
weight in the postoperative period was not exactly equivalent to the gain in 
the ‘‘third space’’ as estimated from the sodium retention. The conclusion 
is that the effect of starvation on endogenous breakdown of fat and protein 
was in effect at this time.‘ 1* 7" It is particularly important since these pa- 
tients were not receiving even the usual, but rather minimal, caloric intake 
since the fluids supplied contained no dextrose; neither one showed evidences 
of ketosis, however. These observations imply that these patients were actu- 
ally losing fat and lean body tissue though they were gaining weight since 
the increase in the ‘‘third space’’ was greater than the increase in body 
weight. This interpretation is strengthened by the data from the fourth and 
fifth days during which the patients exhibited a greater loss in body weight 
than accounted for by a reduction in the ‘‘third space.’’ 

Fig. 6, B and D illustrate comparable data on patients (A. A. and V. B.) 
maintained on 5 per cent dextrose in water. They show a small but progressive 
weight loss in the immediate postoperative period, associated with a very small 
loss in extracellular fluid space. Therefore they had a negative caleulated 
‘‘third space.’’ When the patients returned to a dietary intake of sodium, how- 
ever, there was a prompt gain in weight which was actually exceeded by the 
weight of the calculated ‘‘third space.’’ These patients ultimately retained 
sodium and developed a sodium retention which for convenience in this study 
is termed the ‘‘third space.’’ 

Observation on Postoperative Glomerular Filtration Rate—Fig. 7 illus- 
trates postoperative GFR in the patients included in the study. Sinee there 
was no essential difference in the management of the patients prior to opera- 
tion, the mean glomerular filtration rate calculated to a standard surface area 
of one square meter was calculated and a standard deviation established. 
This illustration shows the GFR for each collection period in each of the pa- 
tients on the 5 postoperative days. It is evident from this graph that the 
patients who received their fluid requirements as 5 per cent dextrose in water 
are uniformly below the preoperative mean though many observations are not 
statistically significant. On the other hand, all patients receiving their fluids 
as lactate Ringer’s solution were above the preoperative mean and many 


more of the observations were significant. 


DISCUSSION 


It appears from this study that the endogenous production of aldosterone 
by patients subjected to operative trauma as measured by bioassay or the 
K/Na ratio is at least in part induced by the medical management of the pa- 
tient.® 7 14 15, 23,26 Hor example, it is quite apparent in the course of this 
study that the principal increase in aldosterone as a response to operative 
procedure appears to be associated with the restriction of sodium intake. 
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Fig. 6.—A comparison of actual body weight changes with the estimated ‘‘third space” 
calculated from sodium balances as 142 mEq. Na being equivalent to 1,000 Gm. A, Major 
trauma with lactate Ringer’s solution; B, major trauma with 5 per cent dextrose in distilled 
water; C, moderate trauma with lactate Ringer’s solution; D, moderate trauma with 5 per cent 
dextrose in distilled water. 
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Fig. 6 Cont’d.—See opposite page for legend. 
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This is an extension of the observations made in a previous report.’® If pa 
tients receive electrolyte solution during the course of an operative procedure 
and the immediate postoperative period in adequate volumes, the release oi! 
aldosterone from the adrenal cortex will be minimal.'° 

The observation that the plasma compound F levels are consistently ele 
rated in patients operated upon strongly suggests that aldosterone releas 
is not under pituitary ACTH control in the responses to operative trauma. 
The absence of significant increase in the tubular reabsorption of sodium in 
patients receiving lactate Ringer’s solution in the presence of elevated levels 
of plasma compound F indicated that this hormone is not active in produe- 
ing sodium retention.** There was evidence that it actually may promote an 
increase in urinary excretion of this ion.** 
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Fig. 7.—Postoperative glomerular filtration rates. The preoperative mean was calculated 
from all the preoperative observation periods. The cross-hatched area is + S.D. The solid 
symbols represent percentage change postoperatively in the patients who received lactate 
Ringer’s solution in contrast with the open symbols representing percentage change in the 
patients who received 5 per cent dextrose in distilled water. 

Since compound F does not effect sodium retention and the release of 
aldosterone is induced by restriction of sodium intake, it seems that, if elee- 
trolyte-containing solutions are supplied at a proper rate and amount to a 
patient during the course of operation and convalescence and excessive pri- 
mary water retention does not occur,'” ?* there is no hormonal increase in 
renal retention of sodium as shown by the percentage of glomerular-filtered 
sodium that appears in the urine.® Since sodium retention has been demon- 


strated in the presence of unchanged renal tubular reabsorption of sodium 
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and in the presence of low aldosterone output (as suggested by the K/Na 
ratio), it is reasonable to assume that the sodium retention is a reflection of 
altered vascular permeability in damaged tissues at the operative site. This 
is comparable with the mechanisms that have been known to be acting in burn 


trauma.” 

An additional advantage in providing electrolyte solution to the trauma- 
tized patient would seem to be indicated by the better maintained GFR in 
the convalescent period. It is true that hyponatremia is associated with de- 
creased renal blood flow, glomerular filtration, and tubular function.’ For 
these reasons, though the serum sodium levels did not change significantly 
in the patients studied, at least the increased sodium load maintained glo- 
merular filtration. 

This phenomenon may not have been at a statistically significant level 
in the postoperative period, but certainly it was impressive by suggestion. 


CONCLUSION 


In the absence of obvious endocrinologic, cardiac, or renal disease, it ap- 
pears advisable to provide traumatized patients with properly calculated 
amounts of parenteral fluids, slightly hypo-osmotie to extracellular fluid. 
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DISCUSSION 
(Papers by Moran, Rosenberg, Schloff, and Zimmermann; Hayes, Byrnes, Goldenberg, 
and Tuthill) 

DR. ROBERT E. L. BERRY (Ann Arbor, Mich.).—One of the most fundamental 
disturbances in sodium concentration occurs following injuries or operations of the central 
nervous system. It is not uncommon to see concentrations of sodium as high as 180 mEq. 
per liter under such circumstances. This has been ascribed to an acute diabetes insipidus- 
like state. Certain factors warrant caution in accepting such a simple explanation, and 
of paramount importance has been the observation that the attending urinary outputs may 
not be of adequate volume to account for the marked increase in sodium. 

Dr. Earl Wolfman in our Department has some interesting data on the excretion of 
aldosterone in the presence of sodium concentrations as high as 175 mEq. per liter. A\l- 
dosterone excretion has been normal or slightly below normal. This fact is hardly sur- 
prising in view of current theory that aldosterone secretion may be importantly related 
to the concentration of extracellular sodium but this negative observation has been of 
value to us when we begin to look for factors that control the concentration of sodium 
in the extracellular fluid. There would appear to be a sodium fraction that is under the 
control of the adrenal glands but increasing experimental evidence continues to substanti- 
ate previous observations that somewhere in the neuroaxis lies the really important 
homeostatic control of sodium metabolism. 

[I should like to make one comment relevant to Dr. Hayes’ work. Our own studies 
have not been as well controlled as those of Dr. Hayes, but we have found considerable 
variability in the individual response to water and salt retention both in “normal” con- 
trols and in patients operated upon. From a practical point, therefore, in the absence 
of significant extrarenal loss of body fluids, we continue to prefer to keep our patients 
on the “dry” side during the immediate postoperative period. Greater reliance is placed 
upon natural homeostatic mechanisms as the degree of responsiveness and tolerance to 
parenteral fluids during this period not only may be unpredictable but also possesses 
biologie variables. 

DR. ZIMMERMANN.—I think it is well to get back to why we are interested in 
this problem in the first place. Dr. Berry says we are talking as though the adrenal did 
not have anything to do with sodium metabolism, but as Dr. Hayes pointed out this morn- 
ing, an individual who is operated upon who has no adrenals will die and similarly an 
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individual with adrenal insufficiency will succumb if sodium is withheld. Now our data 
certainly agree with those of Dr. Hayes in suggesting that the sodium balance is largely 
influenced by the preoperative preparation and the management of the patient immedi- 
ately after surgery. On the other hand, we cannot agree that these manipulations actu- 
ally affects the output of aldosterone. This appears to be quite independent and I think 
that Dr. Moran has adequately demonstrated this. Aldosterone output is mobilized by 
the surgical experience and it may be influenced by the magnitude of the operative pro- 
cedure, but is not affected by the presence or absence of salt loading at the time of the 
operation. Direct measurements of the hormone prove this. The fact that the treatment 
of the patients with regard to water and electrolytes can vastly alter the response of the 
kidney to a given endocrine stimulus is quite a different matter. 

In the present tentative scheme for the synthesis of aldosterone in the adrenal, 
there are a number of stages at which the surgical experience could accelerate the process. 
(Slide.) ACTH probably acts early in the chain of events so that with ACTH stimula- 
tion, compound F and many other steroids are produced along with aldosterone. The 
mechanism through which sodium retention and blood volume reduction operate pre- 
sumably stimulates only the production of aldosterone. 

(Slide.) Since we have found in connection with surgery, roughly proportional in- 
crease of all these steroids including Reichstein’s substance S, we would favor a sort of 
mass mechanism probably involving ACTH. This slide outlines the various pathways 
which are now believed to operate in aldosterone stimulation and as Dr. Berry quite 
properly points out, the central nervous system is involved. According to Farrell, the 
centers responsible for direct humoral stimulation of the aldosterone-producing zona 
glomerulosa are in the pineal body or the posterior commissure. 

Now aldosterone stimulation by ACTH in the human can be readily demonstrated. 
(Slide.) This happens to be a patient with aldosteronism but the pattern of steroid re- 
sponse is typical and illustrates a proportional increase in aldosterone, 17-ketosteroids 
and 17-hydroxycorticoids. 

Finally, although we admit that there are other factors involved and that we do 
not require a changing level of adrenal functions to have a normal electrolyte response 
to surgery, still accelerated hormone production occurs and, although teleologic argument 
may have no place in this type of discussion, one is tempted to think that there must be 
some reason for this response. We wonder whether the regulation of potassium and the 
protection of the body against excessive amounts of potassium ion liberated in injury 
may not be an important function. In dog experiments which Dr. Moran reported last 
fall, aldosterone was measured in the adrenal vein blood using the Hume cannula (slide). 
When potassium was infused into such animals there was a vigorous response character- 
ized by the appearance of aldosterone in the adrenal vein. We wonder whether the pro- 
tection of the body from potassium loads by action both on cell membranes and on the 
kidney may not be an important function of the aldosterone response. 


DR. FRANCIS D. MOORE (Boston, Mass.).—It is of great interest that adrenal 
failure after trauma takes the form of acute circulatory failure, and not some more subtle 
or chronic metabolic disturbance, although marked changes in serum base do accompany 
it. Renal salt loss, for instance, is not a prominent feature of hormone withdrawal. 
Although many other stimuli activate the neurohumeral response as Drs. Egdahl and 
Hume showed this morning, reduction in effective extracellular and circulating blood 
volume is a very strong stimulus, particularly to renal vascular and renal tubular changes. 
The work of Bartter is particularly interesting in this regard, showing that withdrawing 
750 ¢.c. of whole blood, just a simple blood donation, in essence, produces marked change 
in renal tubular handling of sodium and an according increase in aldosterone. Then 
when you give the blood back, the changes reverse. The group at the Birmingham 
Accident Hospital in England have shown 'the same thing, that if you take a whole group 
of surgical patients and give them slightly more blood transfusion than you think they 
need, they will then not show much in the way of sodium reabsorption. It seems 
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to me the question is not whether you can “wipe out” the changes by therapy. The 
question instead relates to their mechanism activation when they do occur. Adrenal dis 
charge appears to be an emergency mechanism. If challenge is slight and treatment is 
perfect as Dr. Hayes’ treatment has been, the emergency mechanism is minimally acti 
vated. If treatment is poor, if surgery is poor, if lost volume of blood or body fluid is 
not replaced, then we see adrenal activation at its maximum. If you want to produce 
prolonged renal tubular sodium absorption, or maximal aldosterone output, you can not only 
do it by producing hyponatremia, but you can do it much better by reducing the total 
body sodium, or by failing to replace lost blood. All of these are things which ar 
undesirable, and are not good treatment. But when they happen, then this emergency 
mechanism of adrenal discharge is activated and renal tubular activity is maximal, what 
ever the connection between the two. 


DR. MORAN.—This slide illustrates an experiment carried out on a hypophysee 
tomized dog in a manner similar to that of the animals which were infused with potassium. 
This dog is essentially adrenalectomized because the hydrocortisone and aldosterone of 
hypophysectomized dogs falls to almost negligible values. You will note that a potassium 
infusion at the same rate as was given the dogs with intact pituitary produces a more 
rapid rise in serum potassium concentration and an associated fall in blood pressure to 
shock levels. If this infusion is not turned off at this point the animal will survive. 
The infusion was stopped. Hydrocortisone was given intravenously and cortisone acetate 
intramuscularly. This was followed by a return of blood pressure and the potassium 
infusion was begun again. However, the animal still had the same intolerance for potas- 
sium even though his blood pressure did not fall this time. Experiments such as this 
may indicate what role individual steroids play in maintaining the body hemostasis. 


DR. HAYES (closing).—If we give ACTH and measure aldosterone production (and 
giving ACTH produces Compound F which promotes sodium loss), certainly we will get 
increases in the urinary excretion of this steroid. Cortisone (Cpd E) is a salt-retaining 
hormone so we have to be very careful in how we interpret what is happening when we 
give this hormone. 

Dr. Moore has just emphasized what I have tried to point out in my paper: many 
things we have attributed as necessary implications of trauma and operation are merely 
the results of what we as doctors do to patients and I think it is a proper time to examine 
them carefully. 





AUTOGENOUS VENOUS SHUNT GRAFTS 
RATIONALE AND REPORT OF 31 FOR ATHEROSCLEROSIS 
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(From the Department of Surgery, University of Rochester School of Medicine and Dentistry) 


LTHOUGH peripheral shunt grafting to bypass atherosclerotie occlusion 

of the femoropopliteal arterial system has not proved to be the complete 

answer to the problem of lower extremity arterial insufficiency, it has resulted 

in some salvage of legs and function, either temporarily or permanently. When 

the shunt graft, as well as thromboendarterectomy, sympathectomy, and non- 

operative care, is used in its proper place, the patient certainly has a better 
outlook now than he did a few years ago. 

While the search for the best graft material to replace peripheral arteries 
continues to date, there is certain evidence which has accumulated that has led 
us to change elinical preference to synthetic materials for large vessel (aortic) 
replacement and to use autogenous vein grafts wherever possible for peripheral 
shunting. This discussion deals only with the latter and is a summary of the 
evidence which led to our clinical use of peripheral autogenous vein grafts and 
the early results of such operations upon 31 patients. 


RATIONALE FOR USE OF VEIN GRAFTS 


Laboratory Experiments.—During the period 1953 to 1958, over 200 dog experiments 
were completed in the laboratory to study various vascular replacements in terms not only of 
immediate operative technique but also of long-term patency and reactions of the implanted 
material. 

Methods.—Delieate sterile surgical technique was used with intravenous Nembutal anes- 
thesia to place the various grafts. Over-and-over sutures of 5-0 continuous silk,* interrupted 
at opposite ends, were used for the vascular anastomoses. (Some of the earlier homologous 
arterial transplants were placed with a continuous everting mattress suture.) End-to-side 
anastomoses were used distal to the aorta with stomas about three times the graft lumen’s 
diameter. Heparinized saline (50 mg./200 ¢.c.) was used for vascular irrigation but not 
for general anticoagulation. 

Autogenous saphenous veins were removed from the same dog by sharp dissection 
with ligation of tributaries. The veins were reversed prior to placement. 

Homologous arterial grafts were treated with penicillin and streptomycin, wet frozen 
within an outer container of liquid nitrogen, and stored at -20° C. until used. 

Various synthetic tubes were boiled in detergent solution and washed with distilled 
water prior to boiling sterilization. Ends were cut either with scissors or the cautery. 

Arteriograms were made with acetrizoate (Miokont) injected either percutaneously 
or via catheter passed through the contralateral femoral artery into the aorta proximal to 
the graft. 

Autopsy studies were limited to the grafts and nearby host vessels. 


Read at the Twentieth Annual Meeting of the Society of University Surgeons, Denver, 


Colo., Feb. 12-14, 1959 
*Silk sutures supplied courtesy of Ethicon, Inc., Route 22, Somerville, N. J. 


{+Miokon—supplied courtesy of Mallinckrodt Chemical Works, St. Louis, Mo. 
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Results—The results of thoracic and abdominal grafting in dogs are ex- 
cluded from this discussion as being in general not as severe a test of any 
material as is peripheral canine replacement of small vessels. In general it was 
learned that any of several materials could be successfully placed into the 
thoracic or abdominal aorta of dogs, either as a shunt or end-to-end replacement 
graft, and that such grafts maintained patency very well over a long period of 
time. This bears out Harrison’s'® previous report of a high suecess rate in 
replacing the aorta of dogs. 

Considerably more emphasis is placed upon the results of peripheral canine 
arterial grafting where a smaller diameter replacement was used and which 
appears to furnish a more severe test of the replacing material as well as of 
operative technique. These experiments indicate that a variety of grafts can be 
successtully placed into small canine vessels although the success rate is some- 
what lower than for the aorta. Table I summarizes 153 peripheral shunt grafts 
in dogs here and divides the graft occlusions into those occurring early and late 
(indicating a postoperative arteriogram which showed pateney but was later 
followed by the finding of occlusion either by a secondary arteriogram or an 
autopsy examination). It will be seen that over-all patency results using 
autogenous vein grafts and homologous arteries were approximately the same 
(62 and 67 per cent), whereas the over-all patency percentage using several 
synthetic tubes (crimped and noncrimped nylon, Fluflon Dacron, and flanged 
Dacron and Orlon) was considerably lower (29 per cent). The lower rate of 
synthetic tube patency occurred despite earlier accumulated experience with 
both arteries and veins which should have led to a more satisfactory surgical 
technique when placing the tubes and also despite the fact that 23 of the 68 
synthetie tube grafts were placed between the aorta and iliac arteries whereas 
all of the venous and arterial transplants were placed more peripherally into 
smaller vessels. In other words, it appears that if the statistics are weighed 


TABLE I. SUMMARY OF 153 CANINE PERIPHERAL SHUNT GRAFTS 





GRAFT RESULTS. 

















| 
| | OCCLUSION l PATENT 
NUMBER | SITE | EARLY l LATE | NUMBER | PERCENT 
. Autogenous vein24 a _ 
5 Lliofemoral 0 0 5 100 
37 Femorofemoral 15 1 21 57 
42 Total veins 15 1 (2%) 26 62 
Homologous artery3s 
23 Tliofemoral 7 2 14 61 
20 Femorofemoral 3 2 15 75 
43 Total arteries 10 4 (9%) 29 67 
Synthetic tubes 
23 Aortoiliae 8 2 13 57 
9 lliofemoral 7 2 0 0 
36 Femorofemoral 23 6 7 19 
68 Total prosthesis 38 10 (15%) 20 29 





Occlusion early indicates failure of first arteriogram to show patency, while occlusion 
late denotes thrombosis after early patency shown by arteriogram. 

Synthetic tubes included crimped and noncrimped nylon, Fluflon Dacron, and flanged 
Dacron and Orlon tubes. 
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that it is in favor of the synthetic tubes and against autogenous veins and 
homologous arteries. It may be further argued that the 62 per cent venous 
patency and the 67 per cent arterial patency covers to some extent the process 
of learning the technique of small vascular anastomoses. If the vein and artery 
figures were rearranged to omit early experiments, there would appear an even 
ereater patency ratio in favor of veins and arteries over synthetic tubes in these 
experiments. 

A further experimental point in favor of autogenous veins is the low per- 
centage of late occlusion bearing out what several experienced clinical surgeons 
have recently indicated, namely, that, once an autogenous vein has been success- 
fully placed and has remained patent through the early postoperative period, it 
is quite likely to remain patent over a long period of time and is not very likely 
to thrombose. 

This autogenous tissue has the appearance of continuous viability if later 
examined microscopically and shows only minimal fibrous infiltration and wall 
thickening.** Homologous artery, on the other hand, acts as a splint or scaffold 
for passage of the blood stream, while a neo-intima forms inside and the fibrosis 
occurs outside and extends into the graft. The degeneration of such a trans- 
planted artery has been noted microscopically as fibrous replacement with late 
elastic fiber fragmentation both experimentally by us** and clinically by Szilagyi 
and associates.*° 

The reason for the lower pateney percentage of synthetic tubes is probably 
related to the thickness of the new lining pseudo-intima, which has previously 
been commented upon by Harrison’ in dealing with aortic replacements. This 
has become quite apparent in the autopsy examination of these dogs where a 
thick lining neo-intima covers the inside of synthetic tubes and to a lesser extent 
homologous arteries but is not present within autogenous vein grafts. Fig. 1 
shows that the pseudo-intima (top) is almost twice the thickness of the 
(center) synthetic tube. The thickness of the new lining is obviously of greater 
importanee inside a small tube such as is used to replace a peripheral vessel 
than inside a larger tube used to replace the aorta because of the difference in 
the ratio between its thickness and total luminal diameter. The decrease in 
luminal diameter occurring because of the thickness of this neo-intima probably 
explains the higher thrombosis rate of small synthetic tubes than of small 
peripheral vein grafts. 

The differentiation between graft failures due to progression of athero- 
sclerosis or to graft failure in clinical cases is difficult. In dogs the factor of 
progressive disease is absent and does not cause late graft thrombosis. The 
continued patency of both artery and vein grafts as opposed to synthetics casts 
a stigma upon the latter when used in small sizes. The peripheral canine 
arterial replacement is thus interpreted as a severe experimental test of any 
material and one which obviates the progression of disease as a confusing factor. 

To date it has generally been thought that vein grafts often developed 
aneurysms with their attendant evils. The basis for this belief lies in an in- 
cidence (though low) of aneurysmal dilatation occurring in vein grafts inserted 
into the aortas of animals.** * ** 4? Inereasing recognition that vein grafting 
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in peripheral arteries does not lead to aneurysm formation has led to the 
generally held belie! that proper support from musculofascial structures in the 
extremities prevents aneurysms while lack of this support in the abdomen and 
chest encourages vein graft dilatation there. Closer examination of this proposi- 
tion suggests that it is incorrect. Peripherally placed grafts, except in certain 
areas, are not closely encircled by muscle and fascia (in the popliteal space 
or the femoral triangle), and it is apparent that such tissue lying about only 
part of the cireumference of the vein will not prevent dilatation of the un- 
covered part. 


tn A, 


=< ~ 7 * ole 





— > ae wer lary, SA 


Fig. 1.—Thick pseudo-intima (top) overlying synthetic tube (central) placed in dog. 


The dog experiments of Nyhus and associates*’ showed that viable inter- 
costal muscle bundles wrapped about (thoracic aorta) vein grafts did not 
prevent aneurysms and directly negate the idea of the role of external sup- 
port. Tantalum gauze and plastic sponge similarly did not protect against 
development of aneurysms in caval transplants into canine aortas by South- 
gate, Fomon, and Mahoney.*® 

A more likely explanation of the variable reaction of veins dependent on 
position in the arterial system lies in the radius of the vein. The tension (T) 
in the wall of a cylinder is due to the product of the radius (R) and pressure 
(P) within by Laplace’s law so that T = PR. Since the blood pressure (P) 
varies but little from aorta to femoropopliteal system while radius (R) is 
considerably different, the wall tension (T) varies chiefly in relation to the 
radius (R) and is considerably greater for a large venous replacement than 
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for a smaller one.2 The direct proof of this would be transplantation of a 
small vein into the aorta position. To date, 6 such animals have been prepared 
with 4 immediately patent grafts. Long-term examination will be necessary 
to determine the ultimate fate of these unsupported but small lumen venous 
autografts. 

Clinical Background.—The experimental canine results indicated the ap- 
parent superiority of both homologous arteries and autogenous veins over 
small synthetic tubes for peripheral arterial replacement but did not differ- 
entiate between arteries and veins. The clinical use of homologous arteries 
was therefore continued until accumulating evidence elsewhere as well as here 
began to show numerous instances of later degeneration, dilatation, and 
aneurysm formation with secondary rupture or thrombosis of homologous 
arterial grafts. The degeneration of a transplanted artery has been noted 
microscopically as fibrous replacement with late elastic fiber fragmentation 
both experimentally by us** and clinically by Szilagyi and associates,*® whose 
excellent follow-up studies have shown a disturbingly high incidence of elin- 
ical complications due to peripheral arterial graft degeneration. Barnes, 
Ellis, Kirklin, and Edwards,’ and Humphries, Hawk, de Wolfe, and Le Fevre’® 
have similarly reported instances of this. A recent analysis here showed that 
8 per cent of 90 homologous arterial grafts resulted in serious or lethal ecompli- 
eations primarily due to the graft itself.’ 


PERIPHERAL ARTERIAL HOMOGRAFTS 
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Fig. 2.—Results of last 37 consecutive homologous arterial shunt grafts (to December, 1958). 


Analysis of 37 consecutive homologous arterial peripheral grafts (studied 
in December, 1958) is graphed in Fig. 2. As this and Table II show, 10 of the 
37 were still patent but, of these, 5 were less than a year postoperative. This 
analysis shows 27 per cent to be patent and is not an enviable record; yet it 
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reflects to some extent the experience of others. The 17 grafts closing after 
early patency were of particular concern. While progression of athero- 
sclerosis cannot at the moment be controlled, the question of thrombosis of the 
graft itself is raised. 
TABLE II. RESULTS OF 37 HOMOLOGOUS ARTERIAL TRANSPLANTS IN 32 PATIENTS 


WITH KNOWN FOLLOW-UPS 














THROMBOSED (27) PATENT (10) 
10 immediate 5 less than one year 

5 before 2 months 5 beyond one year—(1 died coronary 
12 later occlusion ) 





Recently large numbers of synthetic tubes have been placed peripherally 
with excellent early success. Use of synthetic tubes of 10 and 12 mm. inside 
diameter has allowed enough lumen to remain (despite a thick neo-intima) to 
carry blood flow. Series of cases using crimped nylon or Teflon tubes® ** and 
elastic’? or crimped” or knitted Dacron® indicate that many different mate- 
rials can be successfully placed peripherally. While early results are reported 
good, so far there is a lack of long-term follow-up available for these. There 
is clearly the need for follow-up studies of the type Szilagyi has reported for 
homologous arteries.*® 

While a successful vein graft was placed as long ago as 1898'* and studied 
in animals in 1906,* it is only recently that any sizable number of these has 
accumulated. Experience to 1957 was recently summarized by Jones and Dale*’ 
and is not repeated in detail. In general, however, it may be said that the 
clinical results in 19 reports summarized there indicate that autogenous veins 
ean be used quite successfully as peripheral vascular replacements and may 
be used for atherosclerotic blocks as well as for trauma, aneurysms, and 
fistulas. Although a number of surgeons have used vein grafts in the post 
World War II period, there has developed more frequent use of both homol- 
ogous arterial and synthetic tubes along with the commonly held opinion that 
veins had been tried and found wanting as graft material. The basis of this 
idea is difficult to trace. Reported series® 1% 11) 1% 26 27, 38, 3%, 44 show relatively 
good results with no aneurysm formation, but often a high incidence of late 
failure which may have been due to the underlying disease. There are also a 
good many general references to the unsuitability of vein grafts—usually 
without documentation of reasons. Recently there appears to be an increasing use 
of autogenous vein grafts indicating a revised clinical evaluation of their place. 

The summaries of Korean War arterial replacements by Jahnke?® and 
Hughes'* '* indicate a lower failure rate using autogenous veins than homol- 
ogous arteries for peripheral replacement due to trauma. Lord and his asso- 
ciates continue to believe that venous grafts are ‘‘inherently more satisfactory 
for peripheral reconstruction’’ and state that these have remained patent 
without aneurysmal dilatation for as long as 7 years in their experience.*» *° 
Shaw** recently discussed the long-term performance of short peripheral 
grafts and reported that 4-year studies of 5 vein grafts showed 4 open while 
5-year studies of 9 arterial homografts showed only one open. On the other 
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hand, he had had poor success with long venous grafts. Kautsky and 
Brussatis®® reported 70 per cent patency in 46 vein grafts after a year and 950 
per cent after 3 years. 

Linton?” *° has recently listed his order of preference for reconstructive 
surgery of femoral occlusive disease as (1) autogenous saphenous vein graft, 
(2) thromboendarterectomy, (3) combination of thromboendarterectomy and 
saphenous vein graft, (4) arterial homograft, and (5) synthetic prosthesis. 

Comparison of vein, homologous artery, and synthetic tubes as a graft for 
a small vessel is difficult to evaluate because no one has reported any exten- 
sive comparative experience. Our comparative experimental conclusions are 
cited herein along with clinical reasons for our present preference for autog- 
enous veins as peripheral arterial replacements. 

CLINICAL VEIN GRAFT EXPERIENCE 

Dissatisfaction with homologous arterial grafting because of difficulties in 
procurement and storage as well as the accumulating complications peculiar to 
these replacements led to consideration of change to another material. In- 
fluenced by the experimental results indicating that autogenous veins were more 
likely to remain patent than synthetic tubes, a gradual shift to this preference 
was begun in May, 1957, and since then 31 autogenous veins have been placed 
as peripheral shunts.* These were all done for atherosclerotic occlusion. Short 
grafts for trauma and tumors (although successful) have been specifically 
omitted from this series and long vein grafts prior to May, 1957, were omitted. 
Early fears that a patent saphenous vein might often not be available have not 
proved correct to date. In only a single instance has it been necessary to use 
another material because the saphenous vein was fibrosed. Further, by dis- 
section of the vein from its femoral end to a point below the knee joint it has 
been possible to secure adequate length in each case—several times bypassing 
from the external iliac artery to the posterior tibial or to the distal popliteal 
artery. 

Indications consisted of a block of the femoropopliteal arterial system 
with at least one distal ‘‘run-off’’? braneh of the popliteal artery proved 
patent by arteriogram in a patient whose symptoms were causing loss of 
limb funetion or threatening loss of part of the limb (Fig. 3). These cases 
are summarized in Table III and pictured in Fig. 4 where it can be seen that 
7 vein grafts thrombosed at once, 3 more in the immediate postoperative 
period, and 3 later. The remaining 18 have remained open to the time indi- 
cated. The follow-up times show the last actual examination by a member 
of our staff rather than the total elapsed time. Even though letters and 
telephone communications indicate highly probable patency of some of these 
for longer periods, we believe that sueh data are uncertain and prefer to show 
shorter but known follow-ups. 


*References to thromboendarterectomy are purposely omitted here and it should be 
clearly understood that this report is not concerned with the choice between shunt grafts 
and thromboendarterectomy. In general these are useful for short peripheral vascular blocks 
as well as for suitable longer blocks where passage of newly developed internal strippers 
may clear the arterial lumen without diminishing its caliber. The importance of further 
Study of the results of such cases is recognized. 
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AUTOGENOUS VEIN GRAFTS FOR ATHEROSCLEROTIC FEMORAL OCCLUSION 























AGE POSTOPERATIVE FOLLOW-UP 
AND DISTAL TIME 
PATIENT| SEX | SITE | ARTERIOGRAM | PULSE | COMMENT | RESULT | (MONTHS) 
M. A. 62/F CF-P 13 mo.—open Yes Asymptomatic Patent 13 
A.B. 77/M CF-P — No Good pulse in graft Patent 9 
A. B. 58/F SF-P — No Good pulse in graft Patent 1 
W.B. 54/M CF-P —_— No __ Late occlusion Blocked 4 
ar. & 58/F CF-P 14 days—open No Thrombosed late— Blocked 3 
infection 

H. D. 54/F CF-P 3 mo.—block No Thrombosed immediately Blocked Stat. 
N.D. 54/M CF-P 15 days—open Yes Asymptomatic Patent 10% 
E.E.F, 59/M CF-P — No Bled-ligated—amputated Blocked V4, 
E. F. 61/M EI-P —_ No Thrombosed—amputated Blocked 1) 
G. F. 76/M CF-P 12 days—open No Good pulse in graft Patent 1% 
H.G.* 77/M SF-P 6mo.—open No Good pulse in graft Patent 6 
W. G. 40/M CF-P —- No Thrombosed early Blocked 3 
Gq. G. 78/M CF-P_ 1mo.—open No Good pulse in graft Patent 10 
E. K. 58/M CF-P a No Thrombosed late Blocked 3 
J.K.* 56/M CF-P — Yes Asymptomatic Patent 8 
N. L. 85/M CF-P -= No Thrombosed—amputated Blocked Stat 
R. M. 59/F CF-P oa No Some claudication Patent 6 
T.M.* 60/M SF-P —- No Thrombosed late Blocked 13 
R. M. 60/F CF-P — No Thrombosed immediately Blocked Stat 
J.M. 63/M CF-P — No Popliteal pulse present Patent 12% 
W.M. 72/M CF-P — No  Thrombosed—amputated Blocked Stat. 
W.N.* 62/M CF-P — No _ Bled-ligated—amputated Blocked ly, 
V. P. 65/M_ EI-P — No Oscillometrics improved Patent 5 
B. P. 78/F CF-P 15 days—patent N Good pulse in graft Patent 9 
J.S. 58/M CF-P — No Thrombosed immediately Blocked Stat. 
M. S. 55/M_ CF-P — Yes Asymptomatic Patent 4 
r. 3. 52/F SF-P 22 days—patent Yes Asymptomatic Patent 1] 

GC. F. 58/M CF-P — Yes Asymptomatic Patent 3 
C.U.* 65/M CF-P — Yes Asymptomatic Patent 1% 
H.W. 58/M CF-P — No Thrombosed immediately Blocked Stat. 
R. 8S. 58/M CF-P — Yes Asymptomatic Patent % 





CF, common femoral; SF, superficial femoral; P, popliteal: EI, external iliac. 


Time shows most recent examination. 
*Discussed in text. 


Surgical Technique.—The actual transplantation of autogenous venous shunt grafts 
followed generally accepted methods of vascular surgery. 


emphasis. 


Certain points, however, deserve 


Excision of the saphenous vein was done in a manner to avoid damage to its wall at 


any time. 


to cutting in order to avoid tearing any one off flush with the saphenous venous wall. 


Tributaries were tied on the vein side and clamped on the peripheral side prior 


The 


vein was handled by means of a soft rubber drain about it rather than by picking it up 


with an instrument. 
The vein graft was flushed from the distal to the proximal end with heparinized 


saline (50 mg./200 ¢.c.) through a polyethylene cannula as soon as it was removed in order 


to prevent internal clot deposition. 
Anastomoses were made end-to-side by means of continuous 5-0 silk sutures inter- 
The smallest possible bites were used with- 


rupted at each end by a mattress stay suture. 


out any effort to evert the walls of the artery and vein. 
ean be made by this method. 
were not used to pick up by squeezing. 


was handled. 


A very smooth internal junction 
While forceps were used to push or pull the walls, they 
If this became necessary the adventitia alone 


Prior to completion of each stoma a clamp was placed into the junction to 
Stomas were made approximately three times as long 


be certain it was not constricted. 


as the host vessel’s diameter to allow latitude for some contraction in length during heal- 
ing. Fig. 5 illustrates the anastomosis. 
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Fig. 3.—Femoral arteriogram of typical candidate for autogenous venous shunt graft 
from common femoral to popliteal artery. 
Fig. 4.—Results of 31 autogenous vein grafts (to December, 1958). 





. Fig. 5.—Diagram of autogenous venous end-to-side anastomosis to femoral artery show- 
Ing (@) mattress stay sutures at each end and stoma about three times the arterial luminal 
diameter, b shows lateral opening of end of vein. c shows vein. 
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Every effort was made to avoid secondary “patch” sutures after removal of arteria! 
clamps allowed the shunt to function. Such secondary sutures are apt unduly to constrict 
the lumen and ean usually be avoided by proper use of temporary pressure to a sponge at 
the site of leakage. 

Cutting the adductor magnus tendon to enlarge the hiatus was done to prevent graft 
constriction at that point. 

Postoperative heparinization was not used because of previous difficulties with oozing 
in the wounds when this was started at operation. Widely patent anastomic stomas and 
a proper distal “run-off” system appear more important to success than continuing anti 
coagulation. 

Postoperatively an hourly pulse and oscillometriec check was maintained for several 
days since immediate detection of thrombosis has permitted immediate secondary opera- 
tive salvage in two instances. 

Arteriograms.—With the cooperation of Dr. Stanley M. Rogoff of the Department of 
Radiology, excellent preoperative arteriograms were made in each instance using an in- 
jection of 20 ¢.c. of 50 per cent Hypaque with the patient under local anesthesia.4° Bi- 
lateral arteriograms were often made to learn the condition of the contralateral leg. Post- 
operative arteriograms were done as often as possible if the needle could be placed clearly 
proximal to the anastomosis of vein to common femoral artery. 


Results.—The longest follow-up here (a case not included in this series) is 
414, years after a short vein graft replaced a traumatized popliteal artery (C. R., 
SMH 369214, Oct. 17, 1953). Not only did the last arteriogram show patency 
but pulses and function remain good. The follow-up periods of the series re- 
ported herein are shorter but indicate known results of follow-up in each in- 
stance. Table III summarizes the 31 cases and shows time of the last follow-up 
examination by us. 

Most of the vein grafts were placed between the common femoral and 
popliteal arteries. Even though a proximal part of the superficial femoral 
artery might be found patent by arteriogram, it is believed that common femoral 
artery is more likely to remain open over the long term and that it should be 
the site of the proximal insertion of the graft. In a few instances it was neces- 
sary to use the external iliac artery as the proximal source of blood flow. 

Case Reports—tThe following case abstracts illustrate certain points de- 
serving emphasis. 

Case 1: H. G., SMH 14984, a 77-year-old white man, had a 4-month history of left calf 
claudication with absence of the popliteal and more distal pulses. Femoral arteriogram 
showed a 7 em. block at the distal superficial femoral artery with good popliteal reconstitution 
(Fig. 6, 4). On May 8, 1957, an autogenous venous shunt graft was placed with an immedi- 
ate return of distal pulsation. An arteriogram 11 days later showed a patent graft (Fig. 6, 
B). Symptoms were completely relieved. Four months after operation the foot pulse dis- 
appeared and the calf oscillometric determination decreased from 3 to 0.5. The popliteal 
pulse was palpable. Minor claudication returned in the lateral aspect of the calf. On 
Nov. 15, 1957, 6 months postoperatively, a femoral arteriogram showed that the graft was open 
but that there had been loss of distal circulation in the leg as seen in Fig. 6, C. There has 
been no change since that time. 


Comment: The distal circulation was precarious at the time of the initial grafting, and 
partial failure occurred at 4 months. Despite the increase in distal disease, most of the 
patient’s symptoms continue relieved, and the graft is patent. 

Case 2: J. K., SMH 287952, a 56-year-old white man, had bilateral calf claudication for 


8 to 12 months and on examination had no pulses distal to the femoral on the right and a very 
poor popliteal and posterior tibial pulse on the left. A bilateral arteriogram showed a long 
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superficial femoral arterial block on the right and a short block at the adductor hiatus on the 
left. On April 21, 1958, an autogenous venous shunt graft was placed from common femoral 
to popliteal artery on the right. At the same operation a contralateral 2-inch endarterectomy 
was performed at the level of the left adductor hiatus. Good pulses were present bilaterally 
and the patient has been asymptomatic since. Pedal edema developed in the right ankle distal 
to the venous shunt graft but did not occur on the left distal to the endarterectomy. 





A. B. C. 


; Fig. 6.—Femoral arteriograms, Case 1, A showing superficial femoral block preopera- 
tively, B showing vein graft in place 11 days after operation, and C showing same vein graft 
6 months after operation. Note anterior tibial artery occlusion in C as well as arrow show- 
ing distal popliteal artery disease progression. 


Comment: Performance of simultaneous contralateral endarterectomy was done, be- 
cause the graft had been placed without difficulty and the patient’s general condition at the 
conclusion of that procedure was excellent. This saved some hospital time although in general 
it is believed that bilateral operations carry more risk. Ankle edema has been seen in a con- 
siderable proportion of patients having bypass grafts for atherosclerosis of the femoro- 
popliteal system. Whether this is due to vein damage with subsequent deep venous thrombosis 
or whether it is due to the increased blood flow through a capillary bed unaccustomed to such 
is unknown. This case with edema of the graft side but not on the endarterectomy side, 
although blood flow is good postoperatively on both sides, may indicate that venous thrombosis 


is a more likely cause for edema. 
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Case 3: T. M., SMH 410073, a 60-year-old white man with left calf claudication an: 
absence of pulses bilaterally distal to the femorals, had an arteriogram which showed a sho 
block at the left adductor magnus hiatus. On Jan. 31, 1956, an homologous arterial graf 
was placed between the proximal and distal femoral artery. Postoperatively, there was ai 
excellent pulse. A year later some pain was present in the lower thigh and an arteriogran 
showed aneurysmal generalized dilatation of the graft (Fig. 7, 4). Considerable discussion 
occurred as to whether this graft should be removed, but eventually it was left in place be 
cause of increasing right leg symptoms. On Feb. 25, 1957, a homologous arterial shunt graft 
was placed between the external iliac and the popliteal artery in the right (contralateral) leg. 
Good pulses returned and the leg became asymptomatic. On March 27, 1957, a new arterio 
gram was made on the side of the first graft showing some evidence of narrowing, indicating 
early thrombosis in the aneurysmal graft on the left (Fig. 7, B). After further discussion 
the graft was left in place. On May 6, 1957, 16 months after the original operation, sudden 
thrombosis occurred in the left graft with pain, coldness, and numbness up to the knee. Six 
hours after this an autogenous venous shunt graft was placed between the superficial femoral 
artery and popliteal artery. The distal arteries in the lower leg could not be completely 
cleared of thrombus and on May 15 a mid-calf amputation was necessary. This healed well. 
The graft thrombosed at 13 months but the stump remained viable. 





A. B. 


Fig. 7.—Femoral arteriograms of Case 3, A of aneurysmal dilatation _of homologous 
arterial graft with evidence of thrombus building up 2 months later in B. Complete throm- 


bosis later occurred and occasioned an autogenous vein graft. 


Comment: This patient illustrates one of the late difficulties following homologous 
‘arterial grafting in that aneurysmal dilatation occurred. In retrospect, it is clear that when 
the graft was recognized to be diseased and since it was a critical necessity to the lower limb, 
it should have been replaced at once. Failure to do this resulted in loss of the foot and 
lower leg because of thrombosis of the distal vessels there even though the emergency autog 
enous venous replacement was successful and saved the knee and upper ealf. 
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Case 4: C. U., SMH 450736, a 65-year-old white man with a history of right calf 
claudication and no pulses distal to the femoral artery, had an arteriogram which showed a 
superficial femoral block from the bifurcation to the adductor hiatus (Fig. 3). On April 18, 
1958, an autogenous venous shunt graft was placed from common femoral to popliteal artery. 
Following operation, the venous graft immediately thrombosed. It was opened 5 em. distal 
to the proximal anastomosis and a polyethylene cannula was used to clean out thrombosis. 
Following this, there was excellent pulsation and this continued. In the postoperative period, 
a large hematoma developed in the upper wound which necessitated drainage. The graft 
could be seen and was easily felt pulsating in the base of this wound. The wound granulated 
easily over the graft and healed well. 


Comment: This illustrates that immediate thrombosis need not necessarily ruin the 
entire operation provided the graft is cleaned out properly. This particular graft was sal- 
vaged by this method and two previous homografts have been similarly salvaged. The im- 
mediate and wide drainage of the hematoma probably prevented deep wound infection and 
allowed the graft to remain patent through the period of granulation and complete healing. 


Case 5: W.N., 391086, a 62-year-old white man, had an autogenous venous shunt graft 
for an 8 em, long superficial femoral arterial block which caused claudication. A bounding 
posterior tibial pulse returned after operation. Six days postoperatively, because of popliteal 
wound bleeding, exploration was performed and showed a leaking area in the vein, 3 em. 
proximal to the distal anastomosis with clot both outside the vein and inside. Attempts to 
clear the vein were unsuccessful and therefore it was removed. It was necessary later to 
amputate the leg because of distal vascular insufficiency. 

Comment: The failure of this shunt graft was due to a leak in the wall of the vein 
without evidence of gross infection. Microscopie secticns showed only acute inflammatory 
changes. It is thought that this area may have been traumatized by pinching at operation 
since no other explanation for the blowout is apparent. 


Graft Failures.—Five of the 13 graft failures summarized in Table IV were 
without apparent reason—all occurring with relatively good runoff cireulation 
by arteriogram. The 9 other failures to date were understood somewhat better 
as indicated in the table and require little additional comment. N. L. was 


TABLE IV. SUMMARY OF 13 VEIN GRAFT FAILURES 














DISTAL 





| 

PATIENT | AGE | VESSELS | TIME APPARENT CAUSE 

N.L. 85 Poor 2 days Immediate thrombosis removed; heparinized ; 
bleeding and recurrent thrombosis 

R. M. 60 Good Stat. Unknown 

W. M. 72 Fair Stat. Unknown 

J.S. 58 Good 2 days Unknown 

H.W. 58 Good 2 days Immediate thrombosis; thrombectomy; popliteal 
very narrow 

H. D. o4 Poor Stat. Unknown 

W.N. 62 Good 6days Localized vein graft necrosis and bleeding; graft 
removed 

E. F. 61 Good 6days Immediate thrombosis; thrombectomy and 
heparinization; recurrence of thrombosis due 
to wound clot tamponade 

E. E. F. 59 Good 17 days Synergistic gangrene femoral wound with bleed- 
ing at anastomosis; repair and thrombectomy 
failed 

E. K, 58 Good 21%, mo. Distal endarterectomy done; late failure 

P.C. 58 Good 5 weeks X-ray proved patency reversed after late mild 
wound infection 

T. M. 60 Poor 11 mo. Placed to salvage knee after arterial graft 


thrombosed; late thrombosis without symptoms 
W. B. 54 Good 4 mo. Unknown 
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operated upon as a desperate effort to salvage a leg and nearly resulted in loss 
of life, clearly indicating poor surgical judgment. The cause of vein graf 
necrosis in W. N. is not known but operative trauma to the vein is suspected. 
T. M. is a graft failure but a patient success because the graft stayed pateni 
long enough to save the knee and permit good healing of a mid-calf amputation. 


Amputations—There were 6 amputations in the group of 31 patients. 
Table V summarizes these and attempts to study whether graft failure resulted 
in needless loss of limb. In 3 instances it was apparent that after grafting 
failure the leg became nonviable more rapidly and resulted in amputation 
during the same hospitalization. In each instance it appeared that amputation 
would soon have been necessary without grafting and fear of early amputa- 
tion was the chief indication for attempting the graft. (No leg operated upon 
for claudication alone was lost.) The analysis therefore shows a time differ- 
ence in 3 eases but no actual loss of limb due solely to operation. 


TABLE V. SUMMARY OF SIX AMPUTATIONS IN 31 PATIENTS HAVING VEIN GRAFTS 











PATIENT | PREOPERATIVE LEG STATUS 

N. L. Avascular leg and foot Failed to save leg 

W. M. Distal foot gangrene Failed to save leg 

WwW. B. Cool but viable leg May have hastened loss 
E. F. Dusky but viable leg and foot Hastened loss 

E. E. F. Nonhealing ulcer of foot Hastened loss 

SI Leg and foot avascular Saved knee but not foot 





DISCUSSION 


Initially it was feared that the saphenous vein might not always be satis- 
factory for use as a graft. However, only once has this occurred to date. <A 
single patient had a completely thrombosed cord as a saphenous vein so a 
homologous arterial graft was used. (Currently such a patient would receive 
a synthetic graft.) A suitable length of vein was obtainable in every other 
instance and several times the vein graft extended from the external iliae artery 
to the distal popliteal or even to the posterior tibial artery. Dissecting the 
vein to a point distal to the knee joint assured proper length. 

It is recognized that the technique of vein grafting is more delicate and 
difficult than either arterial or synthetic grafting. Emphasis was laid upon 
practice in the dog laboratory prior to clinical use. With this background 
two attending surgeons* besides the authors did one or more of this series 
satisfactorily, and 2 senior residents obtained similar results. This leads us 
to believe that the technique is widely applicable, although the procedure 
benefits greatly from experience and from attention to delicacy of technique. 
In particular we are impressed by the experience of others as well as our- 
selves that once the vein graft is placed properly it will continue to function 
well. 

The usual tight anastomoses resultant from vein grafts ordinarily mean 
that no biood transfusion is needed. The common necessity for blood replace- 
ment with synthetic tube grafting is thus avoided and the patient is spared 


*Drs. E. B. Mahoney and W. A. Southgate. 
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the risks inherent in any blood transfusion. Should infection occur within 
the wound the viable vein graft is considerably more resistant than either the 
synthetic tube (foreign body that it is) or the homologous artery (causing a 
similar reaction). Indeed, wounds may be opened to expose the venous graft 
with the expectation that secondary healing will occur with a patent graft. 

The over-all gross success rate of this series of 31 vein grafts is 18 (58 per 
cent) and indeed this compares poorly with some other reports of the use of 
synthetic tubes.° It should be emphasized however in this small series that 
many of the early cases were no doubt poor selections for operation. Others 
were desperate efforts to save legs although a poor prognosis was recognized 
by arteriographic study. Each patient has been carefully followed and 
results specified in terms of postoperative time. Failure of follow-up of such 
cases may result in overly optimistic reports of early success. 

The 6 cases of occlusion after initial patency deserve particular attention. 
In 2 of these wound infection occurred and probably caused graft failure. A 
third had distal endarterectomy for badly diseased popliteal artery and con- 
stituted a poor risk due to that. The fourth thrombosed the graft above a 
mid-calf amputation without development of symptoms. The last two had 
thrombosis without particular cause. It is evident that careful follow-up is 
mandatory to determine accurately continued success or failure of grafting. 
Dependence upon symptoms is often misleading. Pulse and oscillometric 
study as well as postoperative arteriograms must be used if one is to be certain 
regarding the result. 

The early results of autogenous vein grafting are sufficiently encouraging 
to us to warrant continuation of their use. It is believed that experience in 
case selection and management is already resulting in improvement in the re- 
sults of later cases. It is recognized that no shunt graft replacement is a 
pertect answer to the complex problem of peripheral atherosclerosis. Further 
reports of late follow-up experience are important in the evaluation of all 
types of graft materials and such long-term experiences constitute a great 
need for vascular surgery. 

CONCLUSIONS 


1. The experimental results of 153 peripheral canine shunt grafts indicate 
that autogenous veins and homologous arteries are more likely to remain patent 
than are small synthetic tubes because of the thick pseudo-intima developing in 
the latter. 

2. Late degeneration and other complications of clinically applied homol- 
ogous arterial grafts are a considerable contraindication to their continued use, 
whereas autogenous vein grafts remain viable and when used to replace small 
arteries do not form aneurysms and remain patent for long periods. 

3. The results of the first 31 consecutive clinically applied autogenous vein 
grafts are discussed. Seven of these failed at once, 6 thrombosed later, and 18 
were patent at last follow-up. 

4. Causes of failure and necessity for very careful technique are discussed 
along with 5 eases illustrating specific points. 
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5. Studies of the late results of all types of grafts are needed to asses 
finally their place in the management of peripheral atherosclerosis. 
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DISCUSSION 


DR. FIORINDO A. SIMEONE (Cleveland, Ohio).—In our unit in Cleveland we, too, 
are favorably disposed toward the use of autogenous veins for these purposes. In by- 
passes such as Dr. Dale has described we now have autogenous vein grafts that have re- 
mained functioning without dilatation for approximately 4 years. I selected a couple of 
slides from two cases to illustrate that autogenous vein grafts function very well even 
under conditions which are not always ideal. 


This, as you see, is an arteriogram from a man whom we saw 7 years ago when he 
was 22 years old. Three months before that, he had been Christmas shopping in December, 
1951, when he heard a pistol shot and a bullet traversed his thigh. Three months later, he 
noticed some swelling with increasing pain in his thigh. An arteriogram showed not only 


the injured artery with its aneurysmal cavity, but leakage also, which we thought ac- 
counted for his pain and which you can see there as extravasation of the radiopaque 
solution. We resected that aneurysm in the Spring of 1952 and shortly thereafter this 
was the appearance of the graft. At that time we were doing end-to-end grafting. I 
show you this because the graft has functioned well now for nearly 7 years despite the 
disparity in size between the femoral artery and, in this case, the femoral vein. The next 
slide shows the same patient 3 years later and the last slide shows the arteriogram 6% 
years after operation, showing the grafted area still patent and without appreciable 
dilatation despite the disparity in size between the artery and the grafted vein. 

The next slide shows a second patient. This man, unlike the first one, was 68 years 
old and a severe diabetic. When he was 38 years old, 30 years before he came to see 
us, he had a difference of opinion with the police and a bullet traversed his thigh. He 
got along pretty well, but a couple of weeks before he came to see us, he noticed enlarge- 
ment in his thigh and this is his arteriogram. This shadow here is calcification, actually, 
in the wall of the aneurysm to give you some idea as to size. 
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The next slide shows our graft in this patient. The aneurysm was excised anil 
there is the graft, from there to there (pointing to the slide) and directly below it is this 
constricting area in the femoral artery, undoubtedly due to atheromatous change. This 
was taken a year after the graft was put in. Prior to the graft, he had no pulse below 
the pulsating aneurysm. After the graft, he had pulses at the ankle and has continued 
to have them. 

The next slide shows the same patient a couple of years later. There is the gratt 
from there to there (indicating graft on slide). The atheromatous change has remaine: 
unchanged. 

The next slide, which is the last one, shows the appearance in 1956. There is the 
graft from there to there. The atheromatous change again is the same. I saw this 
patient in our outpatient clinic about 2% weeks ago and his circulation was still intact. 
I show this to point out again that these are autogenous vein grafts which do function 
well even under less than ideal conditions. In this case, not only is there this 
atheromatous change directly below, but he is a severe diabetic, now 76 years old. 
Furthermore, the channel in this grafted vein is a recanalization of the vein which had 
previously been thrombosed. 


DR. JACK A. CANNON (Los Angeles, Calif.)—My preference with regard to the 
disobliteration of atherosclerotic obstruction is only slightly different from that which 
Dr. Dale mentioned. I would still prefer endarterectomy first and vein graft second. My 
distrust of the long-term efficacy of long synthetic grafts of small diameter remains pro- 
found. 

Another important aspect of this problem is the status of the outflow tract. Perhaps 
in addition to the time spent considering the best type of operation, or the most satis- 
factory prosthesis, more should be devoted to a consideration of the status of the arterial 
outflow tract which hopefully is to be filled. To that end, for some time we have been 
interested in the possibility of measuring actual flow rates through these arterial segments. 
We have been fortunate, in collaboration with two electronics engineers, to have developed 
a practical electromagnetic flowmeter which is in its very preliminary stages of investiga- 
tional application but it is now simplified enough so that its operation does not require 
extensive training in electronics. 

The first slide indicates the results of one of our first experiments. It shows in 
terms of actual flow—not pulsation but flow—the pre- and postendarterectomy status of 
the proximal superficial femoral artery and the mid-popliteal artery in a patient who had 
complete femoropopliteal obstruction but with a fairly satisfactory outflow tract as 
indicated by operative popliteal arteriography. The grafts represent recorded pre- and 
postoperative pulsatile flows in cubie centimeters per minute. Preoperatively the proximal 
superficial femoral artery shows a flow in the range of 250 c¢.c. per minute while the 
popliteal artery distal to the obstruction shows a flow in the range of 50 ¢.c. per minute. 
Postoperatively the superficial femoral artery shows a flow in the range of 800 to 900 e.e. 
per minute while the mid-popliteal artery shows a flow in the range of 250 e.c. per 
minute. It is probable that the difference in postoperative flows between these two 
vessels indicates that a very significant amount of flow through the superficial femoral 
is dissipated through collateral opened by the endarterectomy. 

The next slide is a picture of the control face of the device. The principle used 
is one of sine wave modulation. Flows can be recorded as actual pulsatile flows or 
through the use of an integrating circuit as mean flows per minute. 

The next slide shows the over-all appearance of the machine. The two recorders are 
to be mounted under the main unit, one to monitor pulse flow and the other to monitor 
mean flow. It appears that this type of measurement offers some exciting possibilities 
which might lead to a further elucidation of what actually is going on in an extremity 
before and after direct arterial surgery. One can easily have the experience at operation 
of being satisfied with a palpated pulse obtained by arterial surgery which actually was 
just a pulse that was not transmitting a flow. Parenthetically, there are numerous other 
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applications for this instrument. It is so sensitive that it can detect a flow at an 
extremely low rate through a vessel as small as one or two millimeters. <A tiny bubble 
going through the line is immediately apparent. Merely by changing the probe, one 
can also measure flow through a vessel the size of the adult aorta. In addition, with a 
probe inserted into the arterial line of a heart-lung machine some exciting results were 
recorded both with regard to the actual flow that were produced by the pump and also 
with regard to the kind of flow pattern obtained. The latter is significant with regard 
to studies pertinent to the amount of red cell damage produced by a given type of pump 


and oxygenator. 


DR. JOHN M. HOWARD (Philadelphia, Pa.).—During the Korean conflict we often 
used autogenous vein graft for major arterial defects. Immediate results were good. We 
continue, however, to lose a small number each year by subsequent occlusion or 
aneurysmal formation. The follow-up now is about 8 years and is incomplete, but I be- 
lieve the late loss has been about 10 to 15 per cent. 


DR. GILBERT 8, CAMPBELL (Oklahoma City, Okla.).—I would like to propose 
another explanation for late graft failures. Perhaps too much attention has been directed 
toward the graft itself—a vein, a homograft, or prosthesis—whereas the progression of 
disease in the distal arterial bed may be the limiting factor. Dr. De Bakey (Amn. Surg. 148: 
306, 1958) reported some 400 patients with occlusion of the distal aorta and found patients 
with complete occlusion of the distal aorta had less than half the incidence of a second 
distal vascular occlusion than did patients with incomplete occlusion of the terminal aorta. 
Many have removed the distal aortic obstruction in patients with Leriche’s syndrome, and 
weeks or months later some of these same patients develop an occlusion in a previously patent 
iliac or femoral artery. Dr. David Snyder and myself (Proc. Soc. Exper. Biol. & Med. 99: 
563, 1958) have produced arteriosclerosis in rabbits and, if a coarctation of the aorta is 
produced below the renal arteries, arteriosclerosis develops down to the level of coarcta- 
tion with virtually no disease below this level. Similar findings exist in patients with 
coarctation-arteriosclerotic changes proximal to the obstruction with post-stenotic dilata- 
tion and possibly a jet lesion below the coarctation. Dr. Irvine Page has stated that the 
level of the intraluminal or transmural pressure in the vessel determines the filtration 
of lipemie factors through the vessel wall and resultant arteriosclerosis. With a low, 
nonpulsatile pressure one does not get the same filtration and arteriosclerosis as with a 
high transmural filtration pressure. 

Finally, I would like to ask Dr. Dale whether his success with tapered venous auto- 
grafts for femoropopliteal bypass shunts may be due to the restoration of a more “normal” 
systolic thrust and flow than obtains with the large-sized untapered prosthetic grafts? 


DR. DALE (closing).—In relationship to Dr. Simeone’s comments on the use of veins 
for traumatic lesions, such are specifically omitted from this presentation. Actually, our 
longest experience with autogenous vein grafts is over 4 years. It was used to replace an 
injured artery. That graft is still patent. We have intentionally omitted all references 
to thromboendarterectomy which was discussed by Dr. Cannon. It is agreed that the out- 
flow arterial tract is of extreme importance to the prognosis following direct arterial 
surgery. The development of the flowmeter promises important physiologic information 
as well as practical application. Dr. Howard’s experiences and his reports of them form 
an important part of the background for this presentation. It is agreed as indicated by 
Dr. Campbell that one of the major problems is progression of the basic atherosclerotic 
disease. I am unable to answer the physiologic question which he presented. 
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(From the Department of Surgery, Northwestern University Medical School) 


INTRODUCTION 


PEN heart surgery requires either perfusion of the vital organs or 

reduction of their metabolic needs. Hypothermia is the only method now 
available to reduce metabolism of the animal organism. The clinical application 
of hypothermia for certain open heart operations (atrial septal defects, isolated 
pulmonary valve stenosis) has proved successful. For more than _ brief 
operations, however, hypothermia will probably have to be a supplement to 
some type of perfusion technique. Alone, at the temperatures now employed, 
hypothermia permits only short periods of cireulatory arrest safely. 

Profound hypothermia, with greater reduction of the metabolic needs of the 
tissues, prolongs the safe period of arrest. In the past, Niazi and one of us 
(F. J. L.) have demonstrated that warm-blooded animals (rat,7 dog,’* monkey,"® 
and man’) could be cooled to temperatures below 10° C. with survival. By 
simple techniques, this profound hypothermia was withstood seemingly well 
but it, unfortunately, has not been a reliable method for surgery. The addition 
of some perfusion technique should correct this and allow heart surgery to be 
tolerated at very low temperatures. The failing or fibrillating heart would 
not have to be depended upon as it must be with hypothermia alone. 

This is not a new idea. The combination of perfusion and hypothermia 
has been and is being tried.‘-* 5-7 11 12, 1% 2° Most investigators have employed 
only moderate degrees of cooling and some type of extracorporeal oxygenator. 
Gollan and his associates,? however, have achieved profound levels of hypo- 
thermia in the dog with this combination. We have tried to enlarge and yet 
simplify this concept and have developed an effective system which eliminates 
the extracorporeal oxgenator and achieves profound levels of hypothermia 
‘apidly. In time, this system may be useful for eardiae and other bloodless 
surgery. 

A system of bilateral cardiac bypass and blood cooling which employs 
autogenous oxygenation has been studied in our laboratory. With it, dogs 
have been cooled rapidly to body temperatures below 20° C., subjected to 
periods of complete circulatory and respiratory arrest, and then rewarmed 
with survival. 

This investigation was supported by Research Grant H-2879 of the U.S. Public Health 
fade = Wl from the American Heart Association, and a grant from the Chicago Heart 


Read at the Twentieth Annual Meeting of the Society of University Surgeons, Denver, 
Colo., Feb. 12-14, 1959. 
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METHOD 


Rapid cooling and rewarming of mongrel dogs weighing from 10 to 16 Kg. were ob- 
tained with a bilateral pump bypass of the heart employing two heat-exchanging coils in 
the blood cireuit. Each of the pumps was an automatically controlled* Sigmamotor pump 
(Fig. 1). The heat-exchanging coils were stainless steel tubes 17 feet in length with a 
34, inch internal diameter. The circuit is shown in Fig. 2. Blood flows by gravity from 
either atria into a reservoir and, as the level rises in the reservoir, saline rises in the side 
arm to close a relay circuit which automatically starts the pump. The pump stops if the 
reservoir level falls and thus it turns on and off frequently to give a relatively smooth 
pulsating flow. From the reservoir the blood is pumped through the heat-exchanging coils 
and back into an artery (the main pulmonary artery on the right side and a systemic artery 
on the left). 





Fig. 1—Photograph of the two automatically controlled Sigmamotor pumps, venous reservoirs, 
and heat-exchange coils. 


Anesthesia was obtained with either intravenous Nembutal or Pentothal sodium, and 
an automatic respirator supplied 100 per cent oxygen. In some of the early experiments a 
right thoracotomy through the right fourth intercostal space or a bilateral thoracotomy at 
the same level was used. In the majority of experiments, however, a left thoracotomy 
through the fourth intercostal space has been used. After heparinization (2 mg. per kilo- 
gram of body weight), No. 22 polyvinyl catheters were placed into both the right and left 
atria and a No. 16 catheter was inserted through the outflow tract of the right ventricle 
into the main pulmonary artery. The fourth catheter was then placed into a systemic 
artery, generally the left femoral, though the left carotid was utilized on occasion. By 
connecting these catheters to the reservoirs and heat-exchanging coils with polyvinyl tubing, 
the bilateral bypass circuit was completed (Fig. 2). Approximately 1,000 ¢.c. of fresh 
heparinized blood was used for the priming of the system. 





*Automatic control designed and built by Aerial Measurements Laboratories of North- 
Western University. 
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During the period of cooling, both coils were immersed in an ice-salt-water mixtur 
varying from 2° to -2° C. (average 0° C.) in temperature. For rewarming, the coils wei 
placed in hot water baths varying in temperature from 40° to 45° C. 

After completion of the perfusion and removal of the catheters, the heparin was 
neutralized with either protamine or Polybrene* in suitable doses. 

Artificial respiration was maintained throughout the perfusion periods and postopera 
tively until spontaneous respirations returned. External heat by means of a Therm-O-Rite 
blanket was employed postoperatively until the animal’s temperature reached 34° C. 


RIGHT CIRCU 


=¥~~~ To Pump 


Fig. 2.—Diagram of the perfusion circuit. Blood is drained by gravity from the right 


~ 


atrium into reservoir A. From reservoir A the blood is pumped by pump 7 through the heat- 
exchange coil B into the pulmonary artery. After autogenous oxygenation blood is drained 
from the left atrium into reservoir C and from here it is pumped by pump // through the 
heat-exchange coil D into the femoral artery. 


Thermistors were used to measure temperatures of the heart, esophagus, rectum, muscle, 
brain, liver, blood in the reservoir, and blood returning to the animal. Systemic arterial 
pressure was measured by means of a mercury or an aneroid manometer connected to an 
arterial catheter, pulmonary artery pressure was occasionally measured with a manometer 
connected to a small polyvinyl catheter inserted into the pulmonary artery, and venous pres- 
sure was measured with a saline manometer connected to a catheter inserted into the 
inferior vena cava. Blood oxygen was determined by the Van Slyke method and pH deter- 
mined with a Beckman pH meter. Red and white blood cell and platelet counts were carried 
out. Flow rates were determined by measuring inflow into the calibrated reservoirs during 
temporary pump shutoff. Serial electrocardiographs were occasionally recorded. 

Postoperatively, blood or normal saline was given when indicated. Penicillin was placed 
into the pleural spaces routinely and on occasion other drugs such as epinephrine or 
pentylenetetrazol (Metrazol) were utilized in the early postoperative period. Survivors were 
given intravenous fluids as needed and received systemic penicillin for a period of 3 to 4 days. 


*Polybrene (1,5-dimethyl-1,5-diazaundecamethylene polymethobromide). 
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MATERIAL 


A total of 68 experiments have been carried out. The period of cooling varied from 
10 to 15 minutes and temperature levels of the internal body organs were lowered to or 
below 20° C. in this period of time. After this low temperature had been reached, 20 animals 
were immediately rewarmed until the rectal and esophageal temperatures were above 30° C. 
and then the perfusion was stopped. The rewarming took 10 to 20 minutes, In 37 experi- 
ments, after the desired cooling was achieved, the perfusion pumps and respirator were 
stopped for periods of time varying from 10 to 50 minutes before rewarming was begun. 
In the remaining 11 animals, a right ventriculotomy was performed during the period of 


respiratory and circulatory arrest. 
RESULTS 


Survival.—Nine of the 68 animals were failures due to mechanical or 
technical difficulties early in the series and were excluded from the study. 
Four animals were sacrificed at the completion of the procedure since brain 
temperatures had been recorded by a thermistor placed in the left cerebrum 
through a trephine and survival was not expected. In 55 experiments we 
expected to obtain survival following cooling below 20° C. All 55 animals 
survived the immediate operative procedure. Twenty-six of these lived 24 
hours or longer. Twenty-nine succumbed within 3 to 18 hours of the 
experiment. Of those undergoing continuous perfusion with cooling and 
immediate rewarming, 5 of 7 dogs survived. In the group undergoing 
circulatory and respiratory arrest for 10 to 20 minutes following the cooling 
period, 6 of 8 animals survived. Nine dogs had circulatory and respiratory 
arrest for 30 minutes; of these, 5 survived. Twenty had arrest for 45 to 50 
minutes and 6 survived. In the 11 in which a ventriculotomy was performed 
during a period of 30 to 45 minutes of arrest, 4 were survivors. It is to be 
noted that of the last 21 experiments in which the technique was standardized 
as deseribed, with the addition of saline in the chest during the perfusion to 
prevent any possibility of air entering into the cireulatory system, 12 dogs 
were long-term survivors. 

The condition of 20 of the 26 surviving animals was judged to be excellent. 
No evidenee of neurologic or respiratory difficulty was present. Five dogs 
revealed evidence of temporary-to-permanent hindlimb weakness or paralysis. 
One dog had continued respiratory distress and autopsy on the third day 
revealed partial atelectasis of the lungs. The causes of death in the 29 animals 
that died in the first 18 hours following the experiment were: (a) shock in 
11, (b) central nervous system damage as evidence by respiratory failure 
(some exhibited paradoxical relationship of the motion of the chest wall and 
diaphragm) in 8, (c) hemothorax in 5, (d) hemorrhagic infaretion of the left 
lung and edema of the right lung in one, (e) acute intestinal intussusception in 
one, and (f) undetermined cause in 3. 


Temperature.—The temperature measurements of the various body organs 
revealed that prompt and rapid reduction of the esophageal and heart tempera- 
tures occurred to levels below 20° C. in an average of 2 to 4 minutes of cooling 
and continued to fall to 15° C. or below depending on the duration of cooling. 
On rewarming a similar prompt elevation of temperatures was noted (Fig. 3). 
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Rectal temperature was unpredictable. The rate of fall and subsequent rise 
were much slower than either that of the esophagus or heart; although as a rule 
by the end of 10 to 15 minutes of cooling, a level of below 20° C. was reached. 
In the animals in which circulatory and respiratory arrest was carried out, a 
slow but steady rise in the visceral organ temperatures was noted (Fig. 4). In 
many animals muscle temperatures (left thigh) were recorded and were found 
to decrease only a few degrees during cooling, but continued to fall during the 
period of arrest and even during early rewarming. Brain and liver tempera- 
tures were recorded in 4 experiments (Fig. 5). That of the liver revealed the 
most rapid and profound changes of any organ recorded. The brain tempera- 
ture on the other hand, somewhat to our surprise, decreased at a slow rate, al- 
though again levels of 20° C. or below were obtained by the end of cooling. On 
rewarming, the rate of rise was also slower than that of other visceral organs. 
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Fig. 3.—Temperature changes in rectum, esophagus, and heart with cooling and immediate 
rewarming. Ice water bath 1° to -1° C. and hot water bath 40° to 45° C. 

The temperatures of the venous reservoir and of the arterial reservoir 
reflected the temperature of the pooled systemic venous blood and pulmonary 
blood, respectively. The former decreased slowly whereas the latter decreased 
very rapidly to levels between 14° and 9° C. By the end of the cooling period, 
however, both reached a level of 10° C. or below. The temperatures of the 
blood on the inflow side also varied; however, both approached the range of 
10° to 5° C. On rewarming, temperatures between 34° and 38° C. were reached. 

Cardiac Activity—Changes in eardiae rhythm were striking during the 
cooling and rewarming phases. With the onset of hypothermia, cardiae activity 
became slow and a rapid decline in the rate was noted as cooling progressed. 
Most often the pulse remained regular and the heart went into standstill be- 
tween 18° and 13° C. (4 to 5 minutes of cooling). Only infrequently did 
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Number | 


ventricular fibrillation develop during the cooling period (generally between 
24° and 21° C.), but even if it did standstill would occur as temperatures 
below 15° C. were reached. On several occasions spontaneous defibrillation took 
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Fig. 4.—Temperature changes of esophagus, heart, and rectum during blood cooling, 45 min- 
utes of circulatory arrest, and rewarming. 
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Fig. 5.—Temperaure changes of muscle, brain, esophagus, and liver during blood cooling and 
immediate rewarming. 


place and then a very slow, but regular, beat was seen until hypothermie ar- 
rest. During the periods of cireulatory and respiratory arrest, the heart re- 
mained in standstill. Rarely a slow spontaneous beat would oceur. During the 
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period of hypothermic standstill, the heart remained sensitive to mechanic. | 
stimuli. With rewarming, cardiac beats returned quickly, but in 34 of the 55 
experiments ventricular fibrillation occurred. All were defibrillated successful v 
without undue difficulty, often with only one shock. In the other 21 dogs veu- 
tricular fibrillation did not oceur. Frequently ventricular tachycardia de- 
veloped but was controlled by reducing the temperatures of the inflow blood. 
Electrocardiographie tracings were obtained and these confirmed the changes 
noted visually (Fig. 6). 


Serial Rlectrocardiogram 
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Fig. 6.—Serial electrocardiographic changes recorded during rapid cooling and rewarm- 
ing with bilateral bypass of the heart and blood cooling. Before cooling sinus rhythm was 
present at 34° C. Two minutes after onset of cooling the temperature fell to 26° C. and the 
rate had slowed, but sinus rhythm persists. There were elevation of the ST segment and 
depression of the T wave. Five minutes of cooling reduced the temperature to 24.2° C. and 


a slow nodal rhythm had occurred. After 7 minutes of cooling the temperature was 23° C. 
and ventricular fibrillation had occurred. At 11 minutes of cooling the temperature was 15° C. 
and spontaneous defibrillation with resumption of slow ventricular beats took place. Elec- 


trical standstill became evident at the end of cooling and persisted at 16° C. during the 50- 
minute period of circulatory and respiratory arrest. With rewarming, fibrillation occurred at 
23.5° C. and electrical defibrillation was achieved with ease (not shown). With 11 minutes 
of rewarming, nodal rhythm was present. Three hours after completion of the procedure, sinus 
rhythm was present. 

Hemodynamic Findings.—During the periods of perfusion, flow rates of 
300 to 1,500 ¢.c. per minute were recorded. The average range was 600 to 750 
e.ec. These flows resulted in perfusion of 25 to 122 ¢.c. per kilogram of body 
weight per minute (average 45 to 60 ¢.c. per kilogram per minute). At the 
beginning of cooling the flow rates were at a high level, but as cooling progressed 

5 S S ’ z 
and the visceral temperatures fell below 20° C., the flow decreased. On re- 
warming, the reverse was true. 

Arterial blood pressure reflected these changes in flow and the mean 
arterial pressure decreased with degree of cooling and rose with rewarming 
(Fig. 7). Venous pressure reflected the adequacy of drainage from the right 
atrium and attempt was made to maintain it below 10 ¢.c. of saline. Pulmonary 
arterial pressure was recorded in several experiments and was found to be 
below 20 mm. Hg during the perfusion period. 


Blood Findings.—The changes in the formed elements of the blood and the 
changes in plasma hemoglobin are seen in Table I. Hemoglobin values and red 
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blood cell counts were essentially unchanged by cooling and rose slightly at the 
end of rewarming. Plasma hemoglobin rose throughout the procedure but re- 
mained in a nontoxie range. The white blood cell and platelet counts were 
depressed at the end of the cooling period but showed a slight reversal toward 
normal at the end of the rewarming period. 


TABLE I. HeMATOLOGIC CHANGES IN DoGs SUBJECTED TO TEMPERATURES BELOW 20° C.* 


























e RED BLOOD PLASMA 
HEMOGLOBIN | CELLS (IN | HEMOGLOBIN | WHITE BLOOD 
(GM. %) MILLIONS ) (MG. %) CELLS PLATELETS 
Initial 12.9 4.9 16.8 4,650 195,500 
(S.D.) (2.23) (0.37) (6.95) (230) 
End of cooling 12.2 4.9 50.0 1,990 85,800 
(8.D.) (2.78) (0.45) (35.2) (290) 
End of rewarming 13.9 5.4 74.7 2,210 97,350 
(S8.D.) (2.96 ) (0.99) (41.1) (398) 





*Mean values in 14 experiments. 
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Fig. 7.—Arterial and venous pressures observed in Dog 689 during bilateral bypass of heart 
with blood cooling, 32 minutes of circulatory arrest, and rewarming. 

The changes in the arterial pH and percentage of oxygen saturation of the 
arterial and venous bloods after cooling and rewarming are seen in Table II. 
Alkalosis was a constant finding at the end of the cooling period whereas 
acidosis became evident upon rewarming. Late pH studies varied from low 
readings to normal, depending upon adequacy of the animal’s respirations. No 
significant difference could be noted between the pH levels of the survivors and 
those animals succumbing in the early postoperative period. 

Oxygen saturation of the arterial blood remained high during the perfusion 
periods. Elevation of the venous O, saturation was noted during cooling and 
with rewarming the saturation returned to the preperfusion levels. 
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TABLE II, OxyGEN SATURATION AND pH CHANGES IN DoGs SuBJECTED TO TEMPERATURES 
BELOW 20° C.* 


ARTERIAL | ARTERIAL 0. VENOUS 0, 
pH (% SATURATION ) (% SATURATION ) 
Initial 7.38 92.9 66.0 
(8.D.) (0.12) (16.6) (17.2 
End of cooling 7.58 93.2 75.0 
(8.D.) (0.2) (23.5) (21.2) 
End of rewarming 7.21 94.1 64.0 
(8.D.) (0.41) (10.7) (13.4) 

















*Mean values in 11 experiments. 
DISCUSSION 

Our objective of achieving a method incorporating a short period of 
cooling, a long bloodless period, rapid rewarming, an uncomplicated mechanical 
system, a low priming blood volume, and no oxygenator has been nearly 
achieved. Cooling of the vital organs to temperatures below 20° C. has been 
obtained within 10 to 15 minutes and rewarming was equally brief. Many of 
the objectives recommended by Cooley‘ for open heart surgery are more nearly 
attained by this method than by any other. 

Perhaps the least troublesome feature of the whole system has been the 
automatic blood pumps. These have been reliable and despite their simple on- 
and-off action they provided a relatively smooth pulsatile flow. One of the 
pumps has worked dependably in a pump-oxygenator system.’* Used with the 
autogenous lung for oxygenation but without the heat-exchange coils, these 
pumps should provide a good system for some bypass operations at normal 
body temperatures. 

During the experimental procedure the perfusion system furnished satis- 
factory support of the circulation despite the occurrence of ventricular fibrilla- 
tion or standstill. Ventricular fibrillation was rarely seen in the cooling 
period although it did occur in over 60 per cent of the animals on rewarming. 
Whether its occurrence is related to dynamic changes in irritability of the 
nervous tissues of the heart or to a sudden shift in blood pH during rewarming 
has not been determined. No particular effort has been made to avoid fibrillation 
so far in these studies for electrical defibrillation has been accomplished with ease. 

The observation of very rapid cooling of some organs (heart, esophagus, 
and liver) in contrast to very slow cooling of others (muscle) probably reflects 
the differences in blood flow to the various structures. The work of Pierce and 
associates!® supports this concept. The tremendous differential in the tempera- 
tures exhibited between the liver (7° C.) and skeletal musele (32° C.) is 
striking. 

The relative blood flow to the organs may have been one of our problems 
if adequate perfusion and cooling did not oceur. Certainly, in the brain tem- 
perature measurements we made, the temperature did not fall as rapidly as we 
would have liked it to. Jensen, Perkins, and Vars?® have shown that dogs could 
withstand a 30-minute period of cireulatory arrest without evidence of neu- 
rologie damage with brain temperatures below 20° C. Perhaps, in some of our 
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dogs, a brain temperature low enough to permit 45 minutes of occlusion was not 
reached for central nervous system damage was seen more often in the dogs 
subjected to 45 minutes of circulatory arrest after the cooling period. 

Another cause of the central nervous system damage may have been air 
embolism. In some of the early experiments air was seen to enter the heart 
about the catheters in the atria. With the heart beating, this air may have 
gained access to the systemic circulation. This problem was solved by changing 
the method of fixing the catheters in place and flooding the chest with saline 
while the heart was beating. The possibility of air bubbles forming in the 
arterial blood during rewarming (the solubility of oxygen in the plasma being 
less at normal temperatures) was considered. In some of the experiments blood 
rewarming was carried out at a reduced rate with lower bath temperatures to 
avoid this possibility. No definite evidence that this was beneficial was evident 
and rapid rewarming continues to be our method of choice. 

Shock was also a major cause of death. Some of these deaths may have 
been avoided but we carried out no elaborate preoperative preparation nor post- 
operative support as deseribed by Gollan and associates. Postoperative blood 
transfusions were adequate to correct the posthypothermie shock in some of the 
animals. In others neither blood nor a pressor drug was of avail in combating 
the shock. Pooling of blood in the warm skeletal muscle (32° C.) during the 
cooling, circulatory arrest, and rewarming periods may occur and may be a 
partial answer to the development of irreversible shock in some of these animals. 

With additional development and experience, this method of profound 
hypothermia achieved rapidly with a bilateral bypass of the heart and blood 
cooling may well be suited for open heart surgery in man. It should be possible 
to permit periods of occlusion for one hour or more. That animals can tolerate 
such long periods of circulatory arrest under deep hypothermia has been demon- 
strated by our previous work with Niazi. 

In addition to its potential application in heart surgery another possible 
use of this method may be in providing a step in the effort to cool large, warm- 
blooded animals below freezing. To achieve this, replacement of blood by 
glycerol? or another solution might be required. Such a technique would, of 
course, be of value in organ preservation when organ homographs become pos- 
sible. It would seem that perfusion and cooling to temperatures below freezing 
will be required for storage of such organs. 


SUMMARY 


1. A method of producing rapid cooling to below 20° C. has been pre- 
sented. Bilateral cardiac bypass with autogenous oxygenation and blood stream 
cooling are the essential features of the system. 

2. Cooling and rewarming periods were brief. Both were accomplished in 
10 to 15 minutes. The heat-exchanging coils were immersed in water baths 
with temperatures of 0° and 40° C., respectively. 

3. Differential cooling of the various organs occurred. Cardiae and esophag- 
eal temperatures were decreased to 14° to 6° C. whereas muscle temperatures 
fell only to 32° C. Brain and rectal temperatures of below 20° C. were achieved. 
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4. A total of 68 experiments were carried out on adult mongrel dogs. Ti: 
55, survival was attempted and of these 26 survived cooling to below 20° C. 
with periods of total circulatory and respiratory arrest varying from 10 to 5i) 
minutes. 


We wish to acknowledge with gratitude the assistance of the following medical students 
of Northwestern University Medical School: Howard Lang, John Ericson, Stuart Poticha, 
Allen Mittelpunkt, and Robert Rosenfield. 
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METABOLIC AND PHYSIOLOGIC OBSERVATIONS ON PATIENTS 
UNDERGOING EXTRACORPOREAL CIRCULATION IN 
CONJUNCTION WITH HYPOTHERMIA 


W. GLENN Younc, Jr., M.D. (By Invitation), W. C. Seaty, M.D., Ivan W. 
Brown, Jr., M.D., W. W. Smiru, M.D. (By Inviration), Henry A. 
CALLAWAY, Jr., M.D. (By INvitaTION), AND JEROME S. 

Harris, M.D. (By Invitation), DurHam, N. C. 


(From the Division of Thoracic Surgery and Department of Pediatrics, Duke University 
Medical Center) 


INCE January, 1956, intracardiae surgery at Duke University Medical Center 
has been performed on 111 patients utilizing a combination of extracorporeal 
circulation at moderately low flow rates and hypothermia. The induction and 
control of hypothermia were greatly improved by the incorporation of an ef- 
ficient blood heat-exchanger® in the extracorporeal circuit for the last 73 cases. 
The clinical success of this technique is evidenced by a persistently decreasing 
mortality rate (10 deaths in the last 73 eases with all the deaths occurring in 

the more complicated forms of intracardiae abnormality). 
It is the purpose of this report to present an analysis of the metabolie and 


physiologic changes occurring in a group of patients during and following per- 
fusion at an esophageal temperature of 28° to 32° C. and to present preliminary 
evidence of the possible advantages to be gained from more profound hypo- 
thermia. 


METHODS 


The details of the extracorporeal circuit including heat exchanger, DeWall-type bubble 
oxygenator, and Sigmamotor pump have been described previously.18 Recently a larger heat 
exchanger has been employed to provide for more rapid cooling and rewarming in adult 
subjects (Fig. 1). Cardioplegia, when desired, was induced by a mixture of potassium citrate, 
magnesium sulfate, and prostigmine.? 

Patients whose period of complete cardiopulmonary bypass exceeded 15 minutes (rang- 
ing up to 54 minutes) were selected for analysis of metabolic data. Short perfusions for 
the more simple procedures such as interatrial septal defects and isolated valvular stenoses 
are thus not included. Arterial blood samples obtained before, during, and for 2 to 6 hours 
following perfusion were analyzed for oxygen saturation, carbon dioxide content, hematocrit, 
and pH using standard methods. Whole blood buffer base values were derived from the 
above data using the nomogram of Singer and Hastings.19 The pH values were corrected 
uniformly to a temperature of 37° C. before applying them to the nomogram.17 

Mixed venous blood was sampled from the outflow line of the extracorporeal circuit 
at intervals during the bypass for determinations of venous oxygen saturation and oxygen 
consumption. The patients received no sodium bicarbonate or other base before, during, 
or after the perfusion. 

This investigation was supported in part by Research Grant H-1782 C4, National Insti- 
tutes of Health, and the Duke University Regional Center for the Study of Aging. 


Read at the Twentieth Annual Meeting of the Society of University Surgeons, Denver, 
Colo., Feb, 12-14, 1959. 
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Esophageal and rectal temperatures were monitored by appropriate thermistors. Thy 

mid-esophageal temperature in this group of patients was maintained at 28° to 32° C. durin; 
the period of caval occlusion. 


ANALYSIS OF DATA AND COMMENT 


Flow Rate.—It has been our usual practice to employ flow rates of 50 to 
60 ml. per kilogram per minute for infants and children, and 25 to 35 ml. pe: 
kilogram per minute for adults. The flow rate is checked during the perfusion 
by temporarily occluding the line between helix and ealibrated arterial reservoir. 
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Fig. 1.—Photograph at left shows double unit blood heat-exchanger* employed to produce 
and correct deep hypothermia in adult patients. The static blood volume of this two unit 
exchanger is 360 c.c. Graph at right illustrates heat transfer efficiency during one pass of 
the blood through the exchanger at different flow rates. I.T.D. refers to inlet temperature 
difference (Centigrade) between blood and water. Example: blood flow, 1,500 ¢c.c. per minute, 
water 11 L. per minute, inflow blood temperature 37° C., inflow water temperature 5° C. 
Thus I.T.D. = 37 — 5 or 32° C. Therefore 32 xX 0.67 (from graph above) = number of degree 
Centigrade blood is cooled in one passage through exchanger under above conditions. 


The patients have been divided into two groups; those weighing 8 to 34 Kg. 
and those weighing more than 35 Kg. In the patients under consideration the 
flow rates averaged 54 ml. per kilogram per minute for those under 35 Ke. and 
31 ml. per kilogram per minute for the heavier group. When compared with 
surface area, the values more nearly approximate each other at 1.37 and 1.07 
L.. per square meter per minute, respectively. 


*Developed by the Research Engineering Department, Harrison Radiator Division of 
General Motors Corporation, Lockport, N. Y. 
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Venous Oxygen Saturation and Oxygen Consumption.—Data on 34 patients 
are summarized in Table I. The minimum venous oxygen saturation encoun- 
tered was 45 volumes per cent, occurring in an 80 Kg. patient perfused with 
a flow rate of 24 ml. per kilogram per minute at an esophageal temperature of 
32° C. Eighty per cent of the individuals maintained a venous oxygen satura- 
tion over 60 volumes per cent without a tendency to decrease as the perfusion 
progressed. These levels are comparable to those noted by Kirklin and others" 
in patients perfused at normothermia with a flow rate approximately one and 
one-half times that employed here. 


TABLE I. FLOW RATE AND OXYGEN DATA 








| AVERAGE AVERAGE 0, CON- 
NUMBER | AVERAGE AVERAGE FLOW RATE | VENOUS 0, | SUMPTION PER 
OF | WEIGHT (ML./KG./ L./M.2/ | SATURA- |_ MINUTE 
CASES | (KG. ) MIN.) MIN. | TION (%) C.C./KG. | C.c./M.2 | SOURCE 
19 22.6 54 1.37 71 2.60 66.3. Present 
15 55.8 ‘ 1.07 66 1.89 61.6 Present 
22.9 36-41 0.98* > 4.5 BR DeWallé 
1% Zan 1.90* 67 4.93 iZ7” Kirklin! 
52 Sa CB fg 67 3.45 135* Kirklin 
Normal 10 2 4.0 ta 8.4 165 Clark4 
Normal 30 3: 4.0 75 5.4 160 Nadas!16 
Normal 60 ( 3.1 65 3.8 130 Keith10 











*Estimated. 


Beeause of the shift to the left which hypothermia causes in the oxygen 
dissociation curve, venous oxygen tension theoretically might remain relatively 
high despite marked tissue anoxia. Adolph,’ however, concluded from an 
analysis of the literature that cooled tissues accumulate no measurable oxygen 
debt. 

Calculations of oxygen consumption in these patients yield interesting in- 
formation relative to the effects of hypothermia. Maintenance oxygen con- 
sumption of children weighing from 10 to 30 Ke. ranges from 8.4 to 5.4 @e. 
per kilogram per minute.* Calculations from DeWall’s® data in children aver- 
aging 22.9 Ke. and perfused at a rate of 36 to 41 ml. per kilogram per minute 
(normothermia) give an oxygen consumption rate of 4.5 ¢e¢. per kilogram per 
minute. In contrast a group of 19 children averaging 22.6 Kg. (all under 35 
Kg.) in our series with an average perfusion of 54 ml. per kilogram per minute 
have an average oxygen consumption of 2.60 ¢.c. per kilogram per minute. 
Anesthesia and other factors being equal, this reduction in oxygen consumption 
in our patients is most likely due to hypothermia (particularly since our flow 
rates are higher than DeWall’s in the group). These data are comparable to the 
experimental work of Horvath and Spurr’ who found that oxygen consumption 
in the nonshivering dog was reduced by approximately 50 per cent at 29.5° C. 

This lowered oxygen consumption is probably the result of a lowered re- 
quirement by the cooled tissues rather than difficulty in blood oxygen transport 
as mentioned above or altered intracellular oxygen transfer.’ 

Acid-Base Metabolism.—Metabolie changes in a typical patient are depicted 
in Fig. 2. Arterial pH values reflect largely the ventilatory status of the in- 
dividual at the time of sampling and may change rapidly. Anesthesia with 
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assisted or controlled respiration is usually accompanied by a decrease in pCO 
with relative respiratory alkalosis. This decrease in carbon dioxide tension per 
sists during the period of perfusion. In contrast the patient in the recovery 
room with spontaneous ventilation and an atmosphere rich in oxygen routinely 
shows some degree of respiratory acidosis. 
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Fig. 2.—Acid-base data and venous oxygen saturations in a patient undergoing direct repail 
of tetralogy of Fallot with extracorporeal circulation and moderate hypothermia. 

An inerease in fixed acids cr metabolic acidosis is reflected by a decrease 
in the blood buffer base. Determinations on 27 patients (summarized in Table 
Il) reveal an average decrease in the buffer base of 4.3 mEq. per liter ranging 
up to 9.0 mEq. per liter. This degree of metabolic acidosis has been shown to 
occur during any major surgical procedure.* Also a possible faetor in the 
decrease in buffer base observed after starting the perfusion is the relatively 
large amount of fixed acids in the blood used to prime the extracorporeal cir- 
euit.?® 


TABLE II. Acip-BASE DATA IN 27 PATIENTS PERFUSED AT 28° TO 32° CG. 








| MEAN ; 
NUM- | DURA- BLOOD BUFFER BASE (mKq./L.) 
BER TION OF ARTERIAL pH 

OF BYPASS PRE- | END OF | 2-6 HR. 
CASES WEIGHT FLOW RATE | (MIN.) | CONTROL | BYPASS | BYPASS | LATER 





14 Less than 35 50.1 mi./Kg./min. 24.3 42.6 40.2 38.2 38.4 
Kg. 
(Average 21.4) 1.24 L./m.2/min. 7.38 7.47 7.39 7.29 
13 More than 35 31.3 ml./Kg./min. 20.9 45.4 42.3 40.4 41.1 
Kg. 
(Average 56.3) 1.03 L./m.2/min. i. 7.44 7.38 7.32 _ 
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Metabolic or ‘‘hypoxic’’ acidosis of significant degree would not be ex- 
pected to oceur if the conditions of perfusion (flow rate and oxygen require- 
ment) are such as to avoid oxygen lack. This has been demonstrated in the 
experimental and clinical studies of Clowes.5 Matthews and his associates’ 
noted that by maintaining a venous oxygen saturation in excess of 50 volumes 
per cent, metabolic acidosis is avoided. In the experimental animal, we have 
‘ been more successful in avoiding acidosis by decreasing temperature than by 
increasing flow rate.’” 

Ito, Faulkner, and Kolff® have called attention to the danger of metabolic 
acidosis occurring several hours following perfusion. We have observed marked 
postperfusion metabolic acidosis in one of our patients with severe caleifie mitral 
insufficiency not improved by suture of the annulus. During several hours of 
postperfusion hypotension secondary to inadequate cardiac output, the blood 
buffer base fell from control values of 42 to 24 mEq. per liter prior to death. 
It is our impression that postoperative metabolic acidosis is a reflection of myo- 
eardial insufficiency and multiple organ decompensation rather than the result 
of the preceding perfusion if this perfusion was carried out under conditions 
of adequate oxygen availability. 
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Fig. 3.—Temperature and oxygen saturation data during perfusion with profound hypothermia. 


DISCUSSION 


This study tends to confirm our initial impression of the usefulness of hypo- 
thermia as an adjunct to extracorporeal circulation. Perfusion at a moderately 
low flow rate, commensurable with the decrease in temperature, is not accom- 
panied by significant metabolic deficit. With the availability of a heat exchanger 
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allowing rapid control of temperature, the possible advantages of more profound 
hypothermia, particularly in the difficult eases, became apparent. Studies o1 
the experimental animal by Gollan,’ and in our laboratory'® support this con 
clusion. 

Fig. 3 depicts the temperature changes and venous oxygen saturations in 
a 5-year-old child with a severe tetralogy of Fallot. The esophageal temperature 
was rapidly reduced to 9.3° C. Spontaneous ecardiae standstill occurred at 
13.5° C. and it was unnecessary to employ the usual cardioplegic agent. The 
aorta was then clamped and the intracardiae procedure begun. During this 
time the esophageal temperature was gradually raised without affecting the 
cardioplegic effects of the hypothermia. Because of unusually copious return 
of blood to the left side of the heart, visualization and repair of the ventricular 
defect were difficult. For this reason the temperature was again reduced to 
approximately 13° C., and on 3 different occasions for periods up to 214 minutes 
the pump was discontinued completely. The ability to use a relatively low per- 
fusion rate, thus decreasing collateral return, and in addition being able to 
discontinue the perfusion at critical moments, greatly facilitated the operative 
procedure. As the final sutures were being placed in the septal patch, rapid 
rewarming was begun. Within several seconds after releasing the aortie clamp, 
regular cardiac rhythm resumed and persisted. The child responded immedi- 
ately following the operative procedure, and her convalescence was uncompli- 
eated. 

It would appear that prefound hypothermia as used in this ease might 
have several possible advantages. Cardioplegia may be induced by this means 
without the use of concentrated potassium solutions. The drastie reduction in 
metabolism at low temperatures would allow either very low flow rates or actual 
cessation of perfusion for periods of time necessary to correct complicated intra- 
‘ardiae or extracardiae abnormalities. 


SUMMARY 


Metabolie data have been obtained from a series of 111 patients undergoing 
intracardiae surgery using extracorporeal circulation in conjunction with hypo- 
thermia. At flow rates averaging 54 ml. per kilogram per minute for individuals 
under 35 Kg. in weight and 31 ml. per kilogram per minute for heavier indi- 
viduals, venous oxygen saturation can be maintained within the normal range 
if the esophageal temperature is reduced to 28° to 32° C. At this flow rate and 
temperature, metabolic acidosis is not encountered to a degree more than that 
seen accompanying any major surgical procedure. Postoperative metabolic 
acidosis does not oceur if myocardial efficiency is adequate. 

Oxygen consumption in patients perfused at 28° to 32° C. was found to 
approximate one-half of that occurring at 37° C. 

Successful correction of severe tetralogy of Fallot in a patient whose 
esophageal temperature was reduced to 9.3° C. is deseribed. Profound hypo- 
thermia permitted the use of very low flow rates, temporary cessation of per- 
fusion, and obviated the need for cardioplegic agents. 
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(Papers by Shields and Lewis; Young, Sealy, Brown, Smith, Callaway, and Harris) 
DR. V. L. WILLMAN (St. Louis, Mo.).—We have demonstrated a profound depression 
myocardial function in dogs following 30 minutes of elective cardiac arrest which can 
ameliorated to a considerable extent by the use of hypothermia in conjunction with the 


arrest. 
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The first slide demonstrates the depression of myocardial function which uniform, 
occurs following 30 minutes of cardiac arrest in the dog. The dark line represents tl 
control curve before arrest. The dotted line is the curve following resumption of cardia 
activity after 30 minutes of potassium citrate arrest. This plot is after the method o| 
Sarnoff which plots left ventricular stroke work in gram-meters against mean left atria! 
pressure in centimeters of water. It is important to note that at the time of measurement 
for this curve, the heart had resumed a normal sinus mechanism and had been beating fo: 
10 minutes without support. The heart was pink and small, and ‘‘looked good.’’ Mean 
arterial pressure was maintained by this heart at a level of 100 mm. Hg. Cardiac rate was 
120 per minute and the electrocardiogram was considered to be normal. However, the cardiac 
output was so depressed and so fixed at a low level that stroke work never exceeded 8 gram 
meters. This has many clinical implications, of course, which are not germane to this dis 
cussion. However, I think that it is proper to indicate here that unless this function is 
improved by cardiotonic drugs or other measures, a large percentage of such dogs will go 
on to death in a matter of 12 to 24 hours. I believe these phenomena account for a larg 
portion of the 45 per cent mortality of dogs arrested for 30 minutes as reported by Dr. 
Shields. 

With hypothermia, there is some amelioration of this depression. In this chart, the 
dark line again represents ventricular function before arrest. The dot-dash curve at the 
same level is a plot of ventricular function after cooling the animal to 28° C. Following 
30 minutes of arrest, ventricular function while the animal was still cooled is represented 
by the broken line. It remains close to the control curve. Following rewarming to 36° C., 
ventricular function is depressed well below the control level, as indicated by the dotted line, 
but remains above that of the animal arrested at normothermia. In this instance, stroke 
work gets as high as 15 gram-meters. 

This, we believe, demonstrates that hypothermia in conjunction with cardiac arrest 
provides some, but incomplete, protection to the heart which is electively arrested. 


DR. SEALY.—At Duke University, a series of studies have been performed in a dif 
ferent manner from those described by Drs. Shields and Lewis. We have investigated the 
possibilities of using temperatures in the region of 10° C. for the reasons outlined by Dr. 
Lewis. With the use of a heat exchanger in the extracorporeal circuit, very rapid cooling 
of all the core organs is possible at relatively low flow rates and using partial perfusion. 
At these flow rates, the oxygenator is not an unusual hazard, and the cannulations that we 
use are simple. The first slide illustrates a series of studies in which the dog was cooled to 
temperatures below 10° C. at flow rates of 50 ¢.c. per kilogram per minute. Then the flow 
rate was reduced to 25 c.c. per kilogram per minute and the oxygenator was bypassed. The 
venous oxygen saturations and the mixed sample and the distant femoral sample are shown. 
The bottom line shows the temperature of these two organs. Even though the oxygenator 
was out of the circuit, there was only a moderate drop in the oxygen saturation of the 
perfusing blood. This also illustrates the rather marked temperature gradients that can 
occur with rapid cooling. The heart in this study was stopped at 30° C. with potassium, 
magnesium, and prostigmine. 

The second slide is an illustration of the second type of experiment in which the cir- 
culation was completely occluded. In this study the cooling was slower and there was very 
little temperature gradient, and this is refleeted by the almost similar venous oxygen levels 
in the mixed and in the femoral venous blood. It is also of interest to note the very slight 
decrease in the oxygen saturation of the venous blood during this time as shown by the 
first mixed sample after resumption of circulation. 

The next slide illustrates a different type of experiment in which the chest was not 
opened and the dog was perfused until the heart went into standstill. In this study, per 
fusion was continued, the dog was given quinidine sulfate until the QRS complex first began 
to show widening. The heart, as you will note, went into spontaneous standstill at 8° C. 
and restarted a regular rhythm at 16° C. In further studies, quinidine was found to be 
uniformly effective in preventing ventricular fibrillation at temperatures as low as 4° C, 
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By this latter technique, perfusion was possible without opening the chest; arrhythmias were 
controlled so that it was not necessary to have access to the heart for massage or defibrilla- 
tion. In 12 dogs treated in this way, 11 have survived complete circulatory standstill of 
60 minutes. 


DR. BROWN.—This slide illustrates the type of apparatus we are now using to achieve 
the deeper levels of hypothermia described by Dr. Young. This is a double heat exchanger 
having twice the heat-exchange capacity of the single unit originally described. The heat- 
exchange efficiency of this double unit is perhaps best illustrated by this next slide showing 
the cooling and rewarming graph of a patient whose mid-esophageal temperature was taken 
to 4.5° C. At the same time, the brain temperature dropped to 11° C., permitting a cerebral 
tumor to be removed in a bloodless field during 7 minutes of total body circulatory arrest. 
This patient was perfused via the right femoral artery, the venous blood being withdrawn 
through catheters inserted into the cavae via the right femoral and right jugular veins. 
The chest was not opened. The heart developed a short period of ventricular fibrillation 
during the cooling phase going into arrest at 13° C. On rewarming, no fibrillation occurred ; 
the heart restarted with sinus rhythm at 17° C. You will note the high venous oxygen 
saturation maintained throughout the entire period of low flow perfusion. This patient 
made an uneventful recovery from his operation. 

Lowering body temperature to these profound levels raises a number of problems on 
which we have very little information at the present time. For instance, what influence 
does the increased blood viscosity at these temperatures have on small vessel and capillary 
blood flow? What is the incidence of cold agglutination of red cells and red cell sludging 
at these temperatures? These are but two of the many problems which must be investigated. 
We do feel that we have less to fear from cold-induced ventricular fibrillation than we 
formerly thought. Certainly, this infrequent complication has not proved to be a serious 
problem to control thus far. 

I might add that problems of profound hypothermia are being considered by a number 
of groups these days, particularly those people looking into the future when perhaps the 
interplanatary space traveller may assume a state of suspended animation for his journeys. 
Such thoughts have prompted one low temperature expert at Yale to record in verse one 
problem which might confront young lady passengers in times ahead. 


Oh where have you been my pretty maid 
Oh where have you been my lady-O 

Why, I’ve been to Centaurus and Ursa Minor 
In our Ion propelled stellar liner 

The first class passengers travel in ease 
With a glycerol highball before they freeze 

While the tourist class is piled in stacks 
And tightly wedged in the luggage racks 

But now that I’m back and all thawed out 
The boys don’t seem to be crowding about 

They’re just not chasing, or so it appears 
Girls who’ve been frigid so many years. 


(H. Merriman) 


DR. SHIELDS (closing).—What the Duke group is doing with the combination of 
hypothermia and a low flow oxygenator is quite similar to what we are attempting with 
autogenous oxygenation in place of the extracorporeal oxygenator. Both studies have demon- 
strated that profound levels of hypothermia may be achieved and may be withstood satis- 
factorily. We believe the bloodless periods (10 to over 30 minutes) which may be obtained 
at these low levels of temperature (with the marked reduction of the metabolic rates of the 
vital organs) may be beneficial in overcoming some of the difficulties that arise with the 
use of the extracorporeal oxygenator alone, Certainly it appears to be a much simpler 
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method of approach. The extracorporeal bypass of both ventricles during the cooling aii | 
rewarming periods appears to be quite satisfactory in supporting the circulation and 
lieves the burden of this from a failing or fibrillating heart. As normal temperatures ar 
achieved, the heart is again able to resume its pumping activity. 


We have not used quinidine or other drugs which might have helped us to achieve 
higher survival rates for we were interested in observing the effects of the profound hypo 
thermia alone. With the chest open we have not been concerned with fibrillation during the 
rewarming period for defibrillation has been accomplished readily in our experiments. How 
ever, with employment of this technique of profound hypothermia for other types of blood 
less surgery (other than cardiac) the use of quinidine would appear beneficial. Certainly 
both techniques of profound cooling with either extracorporeal or autogenous oxygenation 
open a new vista of surgical endeavor. 











THE SURGICAL TREATMENT OF ENDOCARDIAL CUSHION DEFECTS 
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(From the Sections of Surgery and Pediatrics, Mayo Clinic and Mayo Foundation) 


HE embryonic division of the heart into its four chambers involves the 

growth and final convergence of the atrial septum, the ventricular septum, 
and the endocardial cushions. A variety of congenital cardiae anomalies in- 
volving the atrioventricular valves and the adjacent portions of the interatrial 
and interventricular septa are believed to result from the defective development 
of the endocardial cushions. 

The terminology applied to these anomalies has evolved through an in- 
creasing understanding of their anatomy and embryology,'® 1° a process 
which may have left behind a confusing nomenclature. Only after wide 
recognition of the fact that the ‘‘persistent ostium primum atrial septal defect’’ 
is characteristically accompanied by deformity of the atrioventricular valves 
was it realized that that name was not adequately descriptive. 

Rogers and Edwards" suggested that one basic name be applied to these 
lesions, and recognized the ‘‘partial type’’ and the more abnormal ‘‘complete 
type’’ of ‘‘persistent common atrioventricular ostium.’’ It later seemed better 
to Wakai and Edwards’® to change the name slightly to ‘‘persistent common 
atrioventricular canal.’’ Campbell and Missen* emphasized that a defect inter- 
mediate in severity between the partial and complete forms occurs. From 
study of the group of patients to be presented here, two further variants of 
this anomaly were recognized. Indeed, Kiely and associates® postulated 14 
theoretically possible combinations of defects. It thus has become necessary to 
use a more comprehensive title to encompass all variants of this expanded 
group of lesions. The term ‘‘endocardial cushion defects,’’ previously pro- 
posed by Watkins and Gross,'’ seems appropriate for this purpose since the 
basic abnormality common to each of the variants results from defective 
development of the endocardial cushions. 


MATERIAL 


The case records of all patients in whom cardiac defects of this type were found at 
open heart operations performed by us at the Mayo Clinic have been reviewed. There are 
54 such patients, the first having been operated upon in March, 1955, and the others be- 
tween that date and Jan. 1, 1959. The group includes 6 patients whose cases were reported 
in an earlier communication.5 Details of the histories, physical findings, roentgenograms, 
electrocardiograms, cardiac catheterizations, operations and results of operations were studied. 





Read at the Twentieth Annual Meeting of the Society of University Surgeons, Denver, 
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CLASSIFICATION OF DEFECTS 


From a practical clinical standpoint, it has seemed best to classify endo 
cardial cushion defects into four groups. There is no objection to the anatomic 
classification of certain defects in a transitional or intermediate group between 
the partial and complete forms of common atrioventricular canal, as practiced 
by Wakai and Edwards,’® and Campbell and Missen.* However, as pointed 
out by the former authors, these transitional varieties typically function as 
either partial or complete forms of the defect, and hence it has seemed im- 
practical and probably inaccurate in this study of surgical patients to attempt 
to separate such intermediate forms. It is essential, however, in any clinical 
review, that the type of lesion be distinguished clearly. Failure to do so in 
a previous report by one of us* has been justly criticized. 


Fig. 1.—Partial atrioventricular canal characterized by the typical low-lying atrial septal 
defect and a cleft in the anterior leaflet of the mitral valve. The insert demonstrates the 
technique used for repair of the cleft mitral valve. 


Partial Common Atrioventricular Canal.—In spite of the objections prop- 
erly raised by Campbell and Missen to this term, it has been accepted widely 
enough to justify retaining it. Many prefer the term ‘‘ostium primum defect 
with cleft mitral valve.’’ The malformation (Fig. 1) consists of an atrial 
septal defect which has a erescentie upper margin and a lower margin formed 
by the fused mitral and tricuspid valve rings. The cleft in the anterior leaflet 
of the mitral valve extends from the point of junction of the mitral and tricuspid 
valve rings in a perpendicular or oblique direction to the free margin of the 
leaflet. In 32 eases of our series the defects were of this type. The tricuspid 
valve was not recognized to be eleft in any ease, although not uncommonly 
the mitral cleft appeared to extend a few millimeters into the base of the 
septal leaflet of the tricuspid valve. 
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Complete Common Atrioventricular Canal.—The most serious of the vari- 
ants, both from the standpoint of the natural history of the disease and the 
surgical problems involved, is the complete form of common atrioventricular 
eanal. The valvular deformity consists of a continuous eleft which extends 
across the anterior leaflet of the mitral valve and the septal leaflet of the tri- 
cuspid valve. There is, in addition to the characteristic interatrial communica- 
tion seen in the partial form, an interventricular communication beneath the 
common atrioventricular valvular leaflets. The ventricular septum itself may 
be largely intact (Fig. 2), with small slitlike interventricular communications 
between it and the overlying valve leaflets, or extensively deficient so that 
a true ventricular septal defect results (Fig. 3, 4). There were 15 examples 
of complete atrioventricular canal in our series. In the majority of these, the 
atrial septal defect considerably exceeded the interventricular septal defect 
in size. In one ease, however, the ventricular septal defect encountered at 
operation was so large that almost no ventricular septal remnant remained. 
In this and in 2 other eases, the defect in the atrial septum was small and was 
situated just above the cleft atrioventricular valve. 


_ Fig. 2.—Complete atrioventricular canal with the ventricular septum largely intact. A 
continuous cleft extends across the anterior leaflet of the mitral valve and septal leaflet 
of the tricuspid valve, in addition to the characteristic interatrial communication. 


Ventricular Septal Defect With Cleft Atrioventricular Valves.—This rare 
variant (Fig. 4) is characterized by a ventricular septal defect in a somewhat 
unusual location, namely, completely beneath the septal leaflet of the tricuspid 
valve, together with clefts in this leaflet and in the anterior leaflet of the mitral 
valve. The atrial septum is intact. In only 2 of the patients operated upon 
by us since March, 1955, was the malformation clearly of this type. Several 








188 MC GOON, DU SHANE, AND KIRKLIN Surgery 











Fig. 3.—a, Complete atrioventricular canal with a significant ventricular septal defect. 
b, Suture of cleft in mitral and tricuspid valves. c, Prosthesis in place which closes atrial 
septal defect. ad, Repair completed showing the two prostheses closing the atrial and ven- 
tricular septal defects. The adjacent margins of these two prostheses are sutured to each 
other with tissue of the atrioventricular valves intervening. 





Fig. 4.—Ventricular septal defect with cleft atrioventricular valves. Only the tricuspid cleft 
is illustrated. 
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other patients have had ventricular septal defects in this same area, but since 
no clefts were identified in the leaflets of the atrioventricular valves they can- 
not be considered examples of endocardial cushion defects. 


Common Atrium.—tIn 5 hearts of the present series we could not find 
any trace of an atrial septum. This deformity has been called ‘‘common 
atrium’’ or ‘‘eor triloculare biventriculare.’’ In our experience, it has always 
been associated with deformity of an atrioventricular valve or valves character- 
istic of the endocardial cushion defects. In 4 of the 5 hearts, the defect con- 
sisted of a partial common atrioventricular canal, and in the fifth a complete 
atrioventricular canal. These 5 eases have been the subject of another report.® 


CLINICAL CHARACTERISTICS 


The age, extent of symptoms, and degree of right ventricular systolic 
hypertension are indicated in Table I. The age of the entire group of patients 
averaged 9.6 years, and ranged from 10 months to 48 vears. Nineteen of the 


patients were male, and 35 were female. 


TABLE I. CLINICAL FEATURES 








ie as / | | RIGHT VENTRICULAR 
| | SYSTOLIC HYPER- 



































| SYMPTOMS TENSION 
| AGE (YEARS) MILD | NONE 
| AVER- | OR MOD- | OR MOD- TOTAL 
TYPE OF DEFECT AGE | RANGE | NONE | ERATE |SEVERE| MILD | ERATE |SEVERE| CASES 
-artial atrioven- 
tricular canal 11 3-48 13 18 1 22 8 2 32 
Complete atrioven- 6 10 mo.- - 5 10 - 4 11 15 
tricular canal 16 
Ventricular septal 
defeet with eleft 
atrioventricular 
valves 4 2-6 - - 2 - 1 i = 
Common atrium 14 4-31 - 3 2 1 2 2 5 
Total 13 26 15 23 15 16 54 


Of the patients with the partial form of atrioventricular canal, 13 had 
no symptoms, but each of these had clear objective evidence of significant 
hemodynamie derangement. The majority of the patients having the complete 
atrioventricular canal defect had severe symptoms, consisting of episodes of 
frank eardiae failure, attacks of pneumonia, or marked exertional limitation. 

The abnormal features of the physical examination of these patients have 
been well documented," * ° and henee do not require analysis in the present 
study. It should be stressed, however, that the vectoreardiogram of each 
patient in this series showed the frontal plane configuration demonstrated by 
Toseano-Barboza, Brandenburg, and Burchell’® to be characteristic of the endo- 
cardial cushion defect; that is, a counterclockwise direction of the frontal plane 
progression in a loop lying principally above the center of cardiac electrical 
activity. Although other patients with congenital heart disease will have a 
similar vectorial loop on occasion (3 per cent of patients with atrial septal 
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defects and 13 per cent with ventricular septal defects), its consistent presence 
in patients with endocardial cushion defects has been of immense diagnosiic 
importance. 

Significant pulmonary hypertension* was found in 10 of the 32 patients 
having the partial atrioventricular canal. Severe pulmonary hypertension was 
present in only 2 patients with that variety of defect, but was found in 11 of 15 
patients having the complete atrioventricular canal. In most of these patients 
the right ventricular and pulmonary arterial systolic pressures were equal. 
However, two, who had the complete form of atrioventricular canal and severe 
right ventricular hypertension, had associated pulmonary stenosis, and one 
other had undergone a banding of the pulmonary artery previously. 


SURGICAL REPAIR 


The only known technique which is feasible for the correction of these often complex 
anomalies is open heart surgery as provided by whole body perfusion. This method alone 
was utilized in this series of patients, employing a Gibbon-Mayo pump-oxygenator’, 10 
and a system of high flow perfusion.1% 

Bilateral anterior thoracotomy at the level of the fourth intercostal space has given 
the best operative exposure, although unilateral right thoracotomy with transection of 
the sternum has been employed successfully. Care is taken to allow mobility of the vena 
aval catheters, both of which are led out from the right atrium through its appendage. 
The right atriotomy is made continuous with the incision in the appendage, permitting 
separation and retraction of the caval cannulae for optimal exposure. We now prefer to 
use the right external iliac artery for cannulation, although in the early cases we employed 
the left subclavian artery. 

We have found it helpful to evaluate the function of the mitral and triscuspid valves 
by means of a finger passed into the right atrium prior to beginning the perfusion. In 
most eases a regurgitant jet of blood of slight-to-moderate volume was felt which originated 
from the medial region of the mitral valve ring and seemed to be directed into the right 
atrium. In a few instances no regurgitant jet of blood originating from the atrioventricular 
valves could be detected. Marked atrioventricular valvular incompetence was encountered 
most frequently in the presence of a complete atrioventricular canal. Because it has been 
beneficial to assess valvular function during the course of repair, cardiac asystole is 
not employed except when it is necessary to enter the right ventricle for repair of a 
ventricular septal defect. 

As emphasis for the fact that the precise repair of these deformities requires con 
siderable time, it is noted that the average duration of perfusion was 58 minutes, and, for 
the repair of the complete atrioventricular canal defects, perfusion was prolonged to an 
average of 90 minutes. 

Partial Atrioventricular Canal.—The first step in the correction of this anomaly is 
the closure of the cleft in the anterior leaflet of the mitral valve, whether or not regurgita 
tion through the cleft has been detected. This is done with several interrupted sutures 
of 5-0 arterial silk (Fig. 1, inset). It is much more important to close the cleft securely 
at the base of the valve than at its free margin; yet the cleft at the base of the valve is 
not infrequently irregular, sometimes extending for some distance obliquely to the mitral 
valve ring. This, in effect, may cause a triangular deficiency in the valve, but accurate 


approximation of the margins of the cleft should be possible and is necessary for the 


achievement of an optimally functioning valve. 


*Significant pulmonary hypertension was considered to be present when the systoli 
pressure in the pulmonary artery exceeded 40 mm. Hg, and it was considered severe when 
the systolic pressure exceeded 70 mm. Hg. 
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After repair of the valve a prosthesis is sutured to the margins of the atrial septal 
defect, beginning inferiorly where the mitral and tricuspid valve rings unite. Interrupted 
sutures are used, and the needle is inserted more superficially posteriorly in order to avoid 
the bundle of His. A continuous suture is usually used to approximate the prosthesis 
superiorly to the thick erescentic atrial septal margin. The prosthesis formerly used was 
a thin piece of moderately compressed polyvinyl sponge (Ivalon), but a knitted, chemically 
inert, nonwettable plastic material (Teflon) has proved to be an easier material to handle. 


Complete Atrioventricular Canal.—The technical problems in the repair of this type 
of defect are immeasurably greater than for repair of the partial form, for valve tissue 
may be deficient, distorted, and adherent to surrounding structures. Complete repair of 
the ventricular component of the defect without producing subaortie narrowing likewise 
may be difficult. The poor results following repair of this anomaly may indicate that the 
method of repair thus far employed has not been satisfactory. However, since factors 
other than the technique of repair may account for many of the unfavorable results, we will 
describe the repair which we employ at present and which seems most suitable. 


' Fig. 5.—The repair for complete atrioventricular canal in which the ventricular septum 
is largely intact. The repair of the right half of the cleft in the atrioventricular valve is 
shown. The prosthesis which closes the interatrial communication is anchored inferiorly by 
sutures which pass deeply into the underlying ventricular septum except posteriorly near the 
bundle of His. 


First, working through the right atrium, the surgeon sutures the leaflets of the 
anterior and posterior atrioventricular valves to each other to obliterate the intervening 
cleft (Fig. 3, B). If there is no true defect in the underlying ventricular septum (Fig. 5), 
the prosthesis which is to close the interatrial communication is anchored inferiorly to the 
central portion of the repaired leaflets by interrupted silk sutures which pass deeply into the 
underlying ventricular spetum. Thus any narrow interventricular communications below 
the leaflets of the valves are obliterated. Posteriorly, in the region of the bundle of His, 
these sutures are placed less deeply, since a slight residual shunt in this area seems preferable 
to permanently injuring the conduction tissue. 
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Two prosthetic patches are employed in the repair if a definite deficiency of von 
tricular septal tissue is encountered (Fig. 3, C and D). After closure of the cleft leaflets 
of the valves and prior to repair of the atrial septal defect, cardiac asystole is instituted. 
Then, through a separate right ventriculotomy, the ventricular septal defect is closed by ‘hie 
insertion of a Teflon or Ivalon prosthesis. The prosthesis is employed hecause repair of 
this particular type of interventricular communication by direct suture is too prone to 
disruption or to the production of subaortic narrowing. Finally, closure of the interatrial 
communication is accomplished by another prosthesis, the lower margin of which is sutured 
through leaflet tissue to the upper margin of the underlying ventricular septal prosthesis. 
Thus, when the repair is completed, the prostheses closing the ventricular and atrial septal 
defects are sutured to each other, with tissue of the atrioventricular valves intervening. 

Ventricular Septal Defect With Cleft Atrioventricular Valves.—For this infrequently 
encountered lesion, repair of the defective atrioventricular valves may be possible through 
the right ventriculotomy which is required for repair of the ventricular septal defect. 
Repair of the ventricular septal defect is accomplished either by direct suture or by the 
insertion of a prosthesis. In one instance the cleft in the mitral valve was not accessible 
by this approach, but was repaired through a right atriotomy and an incision in the atrial 
septum. 

Common Atriwm.—Correction of the common atrium variant of the endocardial 
cushion defect has been described previously, and simply combines the method of repair 
of the particular type of atrioventricular canal defect encountered with the insertion of 
a large septal prosthesis. 


RESULTS OF OPERATION 


Partial Atrioventricular Canal.—Only 2 hospital deaths occurred in the 
32 patients in this group, which is a hospital mortality rate of 6 per cent (Table 
II). Another death occurred as the result of a Stokes-Adams attack 6 weeks 
after operation. Intermittent complete heart block had developed after opera- 
tion on this child. 


TABLE II. HosprrTaL MORTALITY FOLLOWING REPAIR OF ENDOCARDIAL CUSHION DEFECT 





7 l -- HOSPITAL DEATHS 





TYPE OF DEFECT TOTAL CASES | NUMBER PER CENT 
Partial atrioventricular canal 32 2 6 
Complete atrioventricular canal 15 11 73 


Ventricular septal defect with cleft 
atrioventricular valves 
Common atrium 


1 50 
] 20 


1) 





The completeness of repair was assessed in each of the survivors as ac- 
curately as possible, both from appraisal of the repair at the time of operation 
and from the clinical course and physieal findings. Of the 29 surviving patients, 
20 are believed to have a complete repair and an excellent result, although 
the majority continue to have a soft systolic murmur along the left sternal 
border. One 40-year-old patient has been handicapped by ecardiae arrhythmia 
since the operation, and the final result cannot be evaluated as yet. For 6 
patients, the clinical result is entirely satisfactory, but a persistent apical 
systolic murmur suggests residual mitral insufficiency. None of these have 
any clinical symptoms of cardiae disability. Postoperative cardiac catheteriza- 
tion of one of these 6 patients gave evidence of slight mitral insufficiency and 
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also of a 15 per cent residual left-to-right shunt. Two additional patients, who 
otherwise have satisfactory results, have heart block but to date this has caused 


no difficulty. 

Complete Atrioventricular Canal.—In eontrast to the excellent results of 
operation in the preceding group, disappointing mortality rates have followed 
surgical treatment of the complete atrioventricular canal. Of the 15 patients 
in this group, 11 died during the postoperative period, which is a hospital 
mortality rate of 73 per cent. An additional patient died at home 2 months 
after operation, following a fulminant illness of a few hours’ duration during 
a local epidemic of influenza. At necropsy the repair was found to be intact 
and complete. 

Careful study of the causes of death in these cases indicates that several 
factors apparently contributed to the unfavorable outcome, chief of which 
were postoperative complete heart block, persisting incompetence of the atrio- 
ventricular valves, and progressive myocardial failure with low eardiae out- 
put. These causative factors are listed in Table III. Particularly striking 
is the correlation between operative mortality and age of the patient, there 
being a mortality rate of 88 per cent among the 8 patients operated upon at 
age 3 years or less and 57 per cent among the 7 patients more than 3 years 
of age. 


TABLE III. Factors CONTRIBUTING TO HOSPITAL DEATHS IN PATIENTS WITH COMPLETE 
ATRIOVENTRICULAR CANAL* 














FACTOR | CASES 
Complete heart block 4 
Persistent incompetence of atrioventricular valves 3 
Progressive cardiac failure with low output 3 
Irreducible pulmonary hypertension 2 
Perfusion inadequacies 2 
Production of subaortie narrowing by repair 1 
Partial disruption of repair 1 








*Several factors seemed to contribute to the deaths of some patients. 


The 3 surviving patients in this group have obtained a satisfactory clinical 
result and are normally active and asymptomatic. In one of these patients, 
however, a small interventricular communication beneath the leaflet of the 
posterior atrioventricular valve was not repaired at surgery, and a systolic 
murmur suggests a residual shunt. 

A grade 2, left parasternal murmur is present in the surviving patient who 
had a ventricular septal defect with cleft atrioventricular valves, but the result 
has otherwise been satisfactory. The results of surgical correction of the com- 
mon atrium anomaly have been reviewed recently by Ellis and associates.® 


COMMENT 


Few reports have appeared on open heart surgery for lesions of the type 
classified as endoeardial cushion defects. Kay and co-workers* ineluded pa- 
tients of this type in their report on the surgical treatment of mitral insuf- 
ficieney, but they did not indicate how many such patients were treated or how 
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they responded. Cooley and associates* have reported that 4 of their patieiits 
with ostium primum defects survived, and 3 of their group of 8 patients operated 
upon for atrioventricularis communis have survived for a long time. Furtlier 
details regarding these 8 patients are not given. Lillehei'’* also has reporied 
experience with these defects. 

Kiely and associates® collected 13 surgical patients from the University of 
Minnesota and King’s County (Brooklyn) hospitals. The technique of opera- 
tion is not clear from their report, but at least one of the patients had not been 
operated upon by the open heart and cardiopulmonary bypass method. Two 
of the patients survived, and in them the exact nature of the valvular deformity 
was not known. Of the 11 patients who died after operation, 5 had the partial 
atrioventricular canal defect, 5 had the complete canal defect, and in one the 
exact lesion was not known. 

The most common variant of the endocardial cushion group of anomalies is 
the partial atrioventricular canal, which, fortunately, is the most readily re- 
paired, and the repair is associated with the lowest operative mortality rate. Our 
experience indicates that surgical repair of this lesion is safe to a degree nearly 
comparable to that of the ordinary atrial septal defect. 

The mortality which has followed attempts at surgical repair of the com- 
plete form of persistent common atrioventricular canal has been extremely high, 
particularly in infants and small children. The high mortality rate in the in- 
fants does not seem to be due to perfusion per se, for our recent experiences 
with repair of ventricular septal defects in small babies has been satisfactory. 
The high mortality rate following repair for complete common atrioventricular 
canal in infants probably results from the fact that in most of these there is 
a severe deficiency of valvular tissue. In older children with the same mal- 
formation, the operative risk remains high, but at least sufficient mitral and 
tricuspid valvular tissue has been found to enable a more suitable repair. Be- 
eause of the lethal nature of the malformation, there is reason to advise opera- 
tion even under these unfavorable circumstances. A more reasonable operative 
mortality must be achieved and probably will result from better restoration of 
the function of the atrioventricular valves and a lower incidence of heart block 
after operation. 

Ventricular septal defect with cleft atrioventricular valves is the rarest 
of the endocardial eushion deformities. This lesion has not been encountered 
previously to our knowledge or that of Kiely and associates.? Experience with 
this lesion has been too limited to permit conclusions as to the risks and results 
of surgical repair. 

During correction of each of the types of endocardial cushion defects, ac- 
curate repair of the atrioventricular valvular deformities should be accomplished. 
Early in our operative experience, failure to correct mitral insufficiency in a 
patient with the complete form of defect resulted in prompt elevation of pres- 
sure in the left atrium and the development of pulmonary edema during closure 
of the thorax, with death soon thereafter. Similar unreported misfortunes are 
known to have oceurred at other institutions. Presumably, not only may the 
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mitral valve be less competent after septal closure than before if it is not spe- 
cifically repaired, but also the effect of a given degree of regurgitation may be 
more severe after repair of the atrial septum, since the right atrium and sys- 
temie veins no longer function as a damping chamber for the left atrium. 
Hence particular emphasis is given to the need for restoration of normal fune- 


tion to the valve. 
SUMMARY 


The 54 eases in which open heart operations were performed with the aid 
of extracorporeal circulation for endocardial cushion defects by us from 1955 
through 1958 form the basis of this report. Included in this group are examples 
of the four varieties of endocardial cushion defects, namely, partial atrioven- 
tricular canal, complete atrioventricular canal, ventricular septal defect with 
eleft atrioventricular valves, and common atrium. 

A marked difference was apparent between the partial and complete forms 
of this defect, both in the natural history and in the results of surgical treat- 
ment. For the partial form, surgical repair was highly successful and safe, 
even to a degree comparable to the repair of the ordinary atrial septal defect. 
For the complete form, operative mortality was very high. 

The two examples of ventricular septal defect with cleft atrioventricular 
valves are believed to be the first of this type which have been reported. 

Certain techniques and principles for the repair of these lesions have be- 
come apparent during this experience. Of particular importance is the require- 
ment that the function of the atrioventricular valves be restored by the repair 


to as nearly normal as is possible. 
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DISCUSSION 


DR. GEORGE H. A. CLOWES (Cleveland, Ohio).—I do not wish to discuss the 
technical details of repairing this type of defect, but rather to emphasize the problem of 
the prolonged perfusion which is required. Dr. MeGoon mentioned that 52 minutes was the 
average figure of complete perfusion. Recently, I had the pleasure of watehing Dr. Kirklin 
perform one of these complicated operations. He used fully an hour and a half of per 
fusion with an excellent result at the end. This type of result is not obtained unless the 
physiologic situation is pretty nearly perfect. 

Yesterday, we had the pleasure of hearing about the use of cold to help with the 
correction of metabolic defects which results from perfusions which would be inadequate 
under normothermic conditions. Cold is an adjunet which may be very useful to permit 
longer perfusions or to permit low flows and blood pressures temporarily without damage. 
But there are certain things concerning this cold that I think are worth mentioning. The 
pH rises markedly during hypothermic perfusion. This is because of the change in the 
pH of chilled blood. One must not be fooled, under these circumstances, into thinking 
that all is well, because when one rewarms such an animal or patient, he may find the 
blood grossly acidotic. If this occurs, it may be very difficult to correct unless the heart 
and lungs can take over promptly in the elimination of CO, and the perfusion of tissues. 
If high flows are used, as by the Mayo Clinic group, during rewarming, the patient ends 
up with a normal pH. These are the things that are important in succeeding with this 
sort of work. There are many other factors but it seems to me that the adequate perfusion 
and the adequate repair are the two things that really matter. Many of us have done 
nice perfusions only to have a dead patient later because we did not quite complete the 
surgical job. This is the thing that I think is impressive about this work and that of 
other clinies which are capable of successfully undertaking these difficult repairs. 


DR. JOHANN L. EHRENHAFT (Iowa City, Iowa).—One of the things which has 
bothered us preoperatively in these patients is the uncertainty in making an accurate diagnosis. 
The differentiation of a very large ostium secundum defect and one of the primum-type 
defect may be quite difficult. Inasmuch as it makes a great deal of difference in the 
operative management, I would like to know how Dr. MeGoon and Dr. Kirklin ean differ 
entiate these two lesions with such a high degree of accuracy. 


DR. McGOON (closing).—We agree with Dr. Clowes and his analysis that the per 
fusion and the repair are the crucially important factors. 

There is not time to discuss the diagnosis of these lesions. May I briefly say that 
the electrocardiogram has proved of invaluable assistance in differentiating the ordinary 
atrial septal defect and the atrioventricular canal defect. There is a characteristic counterelock- 
wise progression of the frontal plane vectorial loop which lies primarily above the center 
of cardiac electrical activity. We have not encountered a patient having an atrioventricular 
canal defect who has not shown this characteristic electrocardiogram. The reverse has 
oceasionally occurred in which an ordinary atrial septal defect has resulted in this character 
istic electrocardiogram, in which case we operate upon the atrial septal defect by open 


methods. 





CONSIDERATIONS OF THE RATIONALE AND TECHNIQUE OF 
CORONARY ENDARTERECTOMY FOR ANGINA PECTORIS 
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ABert A. Karrus, M.D. (By Invitation), Los ANGELES, CALIF. 


(From the Departments of Surgery and Medicine, University of California Medical Center) 


N THE course of experience with the direct surgery of obliterative athero- 

sclerosis of the terminal aorta and its distal branches, it occurred to us 
that the pathologic manifestations in the coronary arteries are exactly com- 
parable to those found in the femoropopliteal region of the arterial tree. 
Thus, the popliteal artery is about the size of the right or left main coronary 
artery and the main branches of the popliteal are about the same size as the 
main branches of the coronaries. Furthermore, the obliterative lesions are 
the same. Obliterative atherosclerosis is a disease of relatively large vessels. 
Its obstructive component tends to be maximum in the region of arterial 
bifureations. The primary disease is the subintimal collection of lipoprotein 
which results in narrowing and eventual occlusion of the lumen. Thrombus 
formation is encountered only as a secondary phenomenon and is never the 
primary cause of the difficulty. 

In the treatment of femoropopliteal obliterative disease, one of us” ® 
developed a semiclosed technique of endarterectomy based primarily upon the 
fact that a definite cleavage plane always exists in atherosclerosis between a 
relatively intact outer arterial wall consisting of media and adventitia and 
the thickened subintimal plaque. When the plaque has thickened extensively, 
the entire lumen of the artery is filled with lipoprotein and/or secondary 
thrombus. The cleavage plane, however, invariably remains intact so that the 
lesion consists of a relatively normal outer wall of media and adventitia con- 
taining an occlusive core of material easily separated from the outer wall by 
virtue of the cleavage plane. 

It is further to be noted in obliterative atherosclerotic disease that the 
occlusions are segmental, and the arterial tree distal to an occlusion tends to 
remain patent. The continued patency of this distal tree is the essential 
requirement for successful direct arterial surgery in this disease. The 
tendeney for the distal coronary tree to remain patent in spite of more 
proximal atherosclerotic obliteration is very great and usually present to a 
greater or lesser degree. 

Using a method of semiclosed thromboendarterectomy previously re- 
ported,’ one can successfully treat the popliteal artery and occasionally the 
upper end of the posterior tibial artery with restoration of patency. 


“ _This investigation was supported by Research Grant H1787, United States Public Health 
Service, 

Read at the Twentieth Annual Meeting of the Society of University Surgeons, Denver, 
Colo., Feb. 12-14, 1959. 
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About 6 years ago, it occurred to us that the same technique with suitable 
modification might be applicable to obliterative coronary atherosclerosis. 
Since that time a research program has been under way to study the possi- 
bility. 


MATERIAL AND METHODS 


Investigation of this problem has been pursued along four main avenues: (1) 


pathologie study of coronary atherosclerosis in terms of feasibility of direct surgical attack, 
(2) elaboration of a surgical technique, (3) determination of criteria for candidate selection, 
and (4) clinical experience. 


Pathologic Study of Coronary Atherosclerosis in Terms of Feasibility of Direct Surgical 
Attack.—A prime consideration in this aspect of the study derives from the fundamental 
work of Blumgart and Schlesinger! who demonstrated by their postmortem injection, x-ray, 
and dissection studies of atherosclerotic coronary arterial trees that patency distal to major 
vessel obstruction is present in this disease even when far advanced. The obstructive lesions 
are segmental. Not infrequently in advanced cases, the patient can be demonstrated to have 
been living on the partial patency of only one of the major branches of the main coronary 
arteries which by intercoronary collateral circulation supplied enough blood to the entire 
myocardium for survival. 

In dissecting the coronary arteries in numerous human hearts showing atherosclerotic 
involvement, we were early able to demonstrate the invariable presence, to a greater or lesser 
degree, of the essential structural pathologic characteristics which permit employing 
endarterectomy as a method of direct arterial surgery in the atherosclerotic coronary 
artery. The lesions tend to appear first in the main vessels of the proximal branches at 
or in the region of bifureations. A cleavage plane invariably exists between the oe- 
cluding atherosclerotic core and the surrounding arterial media. The distal arterial tree 
is characteristically patent (Fig. 1). 


Elaboration of a Surgical Technique.—As a result of the postmortem dissections of 
atherosclerotic coronary arteries and experience with endarterectomy in the aorta and its 
distal branches, it was soon apparent that the technical principles of endarterectomy in 
general could be applied to the coronary arteries. Certain very obvious major limitations 
and problems were immediately apparent. 

These main considerations concerned the technical limitations which would be imposed 
by the necessity of operating on the beating heart, the limitations of exposure, the problem 
of the small size of the vessels to be operated upon, and the determination of absence of any 
patency in the obstructed segment of vessel(s) selected for surgical attack, so that occlusion 
time during the actual endarterectomy would not be a limiting technical factor. An even 
more important and thoroughly basic question in our minds concerned the significant unknown 
matter of whether patency can or cannot be restored to a coronary artery which has contained 
a segmental occlusion over an indefinite period of time. We considered it essential to devise 
a method whereby coronary endarterectomy could be performed on the dog before any 
clinical attempts were made at our hands. 

At the time we were not aware of any method whereby a standard atherosclerotic 
obliterative coronary artery lesion could be produced in a dog heart; we were forced to con 
tent ourselves with working on surgically imposed obstructions of such a nature as to 
simulate an atherosclerotic segmental coronary occlusion as closely as possible. The purpose, 
given such a lesion was to determine whether by operation the obstructed segment could be 
“disobliterated” with successful, permanent restoration of flow through the formerly ob- 
structed segment and on into the distal tree. 

The obstructive lesion was prepared by isolating the left anterior descending coronary 
artery below the septal branch in mongrel dog hearts through a left thoracotomy in the 
fourth intercostal space. The segment to be obstructed was then controlled with ligatures 
and opened through a longitudinal arteriotomy. A segment of polyethylene tubing, the 
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Fig. 1.—Artist’s conception of the composite pathologic lesions encountered in 9 cases of 
intractable severe angina pectoris due to obliterative coronary atherosclerosis. 
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size of the artery and approximately 10 to 12 mm. in length, was then inserted into the 
arteriotomy, the arteriotomy was closed with a running suture of 6-0 arterial silk, and the 
controlling ligatures were released. The animal was heparinized during the procedure. No 
attempt was made to protect the animal with hypothermia or extracorporeal circulation. 
As would be expected, this procedure was attended by a very high mortality. Death 
occurred either from irreversible ventricular fibrillation at operation or in the very early 
postoperative hours. Survival, however, could be expected in about 50 per cent of the 
animals which now were alive with a segmental occlusion in the proximal portion of the 
left anterior descending coronary artery. The surviving animals were maintained for 8 
to 10 weeks and then subjected to coronary angiography, which by our technique success- 
fully demonstrated the obstructed segment and almost invariably showed a patent distal 
arterial tree. Unfortunately, the angiography was attended by a mortality of about 30 
per cent from ventricular fibrillation occurring at the time of the angiogram. Neverthe- 
less, the ultimately surviving animals were finally subjected to re-exploration of their 
obstructed left anterior descending coronary artery on an average of 14 to 16 weeks after 
insertion of the obstructing polyethylene core and restoration of patency of the artery was 
attempted. The technical difficulties were serious in that the adhesive reaction from the previ- 
ous procedure was usually so severe that the reisolation of the obstructed vessel was very 
difficult at best and impossible at worst. When, after careful dissection of the artery, 
it was possible to isolate the obstructed segment, it was almost invariably possible to 
remove the obstructing core and re-establish brisk bleeding into the patent distal tree. 
Closure of the arteriotomy was usually very difficult and ordinarily could only be established 
by closing the arteriotomy over a length of polyethylene tubing inserted into the arteriotomy. 
The closure was then accomplished with the tubing acting as a stent and left in place 
until the last two or three sutures had been placed. The tube was then removed, the 
closure completed, and flow restored after a dose of intravenous heparin had been given. 
Surviving animals were again maintained for 8 to 12 weeks and then sacrificed. 


The heart was subjected first to postmortem coronary angiography and then to 
injection of both main coronaries with vinyl acetate after which the organic material was 


digested away from the resulting cast of the coronary arterial trees (Fig. 2). Starting 
with 80 animals, 21 were brought to reoperation for simulated coronary endarterectomy. 
There was further mortality from this procedure as well as significant incidence of failure 
so that at the outset completely successful “disobliteration’” was demonstrated in only 
4 animals. They are to be reported in greater detail in a subsequent communication. 


From these efforts considerable other information and experience of great value 
resulted. In the first place, it was apparent that whereas manipulation of the large 
coronary vessels in the normal dog heart results in rapid onset of irritability and fibrilla- 
tion, the situation is not encountered when isolating the obstructed coronary artery. It 
was demonstrated that coronary arteries of approximately %, to 44 the size to be en- 
countered in the human could be dissected, opened, manipulated, and successfully sutured. 
Cardiae motion imposes some difficulty in the dissection, but it is surmountable by proper 
Selection of instruments and proper isolation of and retraction on the vessel being at- 
tacked. In addition, the cardiac motion can be locally controlled by properly applied 
pressure on the part of the assistant’s finger or sponge. Finally, it was apparent that 
extracorporeal circulation and hypothermia would probably have added little to successful 
attack on obstructed coronary arteries in the dog. In the animals subjected to simulated 
coronary endarterectomy, the mortality and/or failure occurred as the result of blood loss 
and/or technical difficulties in attempting to traverse the fibrous reaction to the previous 
procedure, and postoperative noncardiac complications rather than ventricular fibrillation 
or postoperative myocardial infarction—the latter two complications were not encountered 
as a consequence of endarterectomy. 

It was thus demonstrated that permanent restoration of flow through a formerly 
obstructed coronary artery was possible in the normothermic unsupported canine heart. 
In the meantime efforts had been directed toward the elaboration of a suitable technique 
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for clinical application. Until the present time employment of hypothermia or ex 
corporeal circulation in the direct surgery of coronary atherosclerosis has been avoided, 
since it has been our impression that the use of either or both of these techniques on 
patients with severe coronary artery disease would be likely to add more of their own 
intrinsic morbidity and mortality than protection. This operation has been offered only 
to patients suffering from severe intractable angina pectoris. As a corollary requirement, 
at operation major coronary arteries are attacked only when proved by a period of test 
clamping to be completely occluded. On this basis, preoperative angiography was con- 
sidered unnecessary. The proposed technique was elaborated on the basis of designing 
and fabricating instruments to facilitate the endarterectomy and establishing the general 
preliminary criteria and rules of procedure. 

It was assumed and subsequently substantiated in operative cases that any patient 
suffering from true angina pectoris could be expected to show complete occlusion of at 
least one major coronary artery. It was further assumed that the occlusive process would 
lie at a relatively high level in the main tree and would be subject to preliminary 


localization by palpation. 





Fig. 2.—Photograph of postmortem coronary angiogram and acrylic resin injection-diges- 
tion specimen obtained from dog subjected to removal of a previously inserted segment ol 
polyethylene tubing from the left anterior descending coronary artery at point indicated. 


The exposure initially prescribed was a bilateral thoracotomy through the fourth 
intercostal space and complete exposure of the heart through a large inverted U-shaped 


pericardiotomy. We have not as yet had occasion to alter this approach. The plan then was 


to palpate for induration along the right and left main coronary arterial trees, isolating 
the vessels over areas of maximal induration, controlling the vessels above and below 
the induration with ligatures, and test clamping the artery for evidence of patency by) 
observing ECG, heart action, pulse, and blood pressure during the period of test occlusion. 
When clamping such a vessel for 6 minutes resulted in no change in heart action, it was 
to be considered safe for attempted endarterectomy. 

The instruments prepared and subsequently elaborated consisted in essence of the 
same components earlier developed by us for semiclosed femoropopliteal endarterectomy 
but produced in miniature with certain modifications and one major added component. 
The resulting set of instruments consists of eight loops with sharpened leading edges, 
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silver soldered to a fine malleable wire shaft, and varying in size from 2 to 6 mm. in 
diameter. The shafts fit a removable short, round handle which provides manipulative 
ability. The instrument used to initiate the dissection is a pencil-sized metal handle fitted 
with a completely adjustable blade which mounts into the handle by means of a ball-and- 
socket joint permitting rotation as well as angulation of the blade in relation to the 
handle. Blades are provided in three sizes depending upon the size of the vessel to be 
attacked. The basic shape of the dissector blade is that of the thin, blunt, rounded, 
spatula-shaped periosteum elevator used in nasal submucous resection. 

In the instance in which dissection of the proximal core using the stripping loop 
does not result in the core coming free even though the proximal end of the vessel has 
been reached, an additional instrument is supplied which consists of an adjustable wire 
loop snare. This instrument consists of a shaft of No. 18 hypodermic needle tubing, 
silver soldered to a handle. The handle is made up of threaded sections constructed in 
such a way that the proximal segment of the handle will accept and grip a small stainless 
steel wire loop which is inserted into the distal end of the hollow shaft and threaded 
into and gripped by the proximal section of the handle. This section is fitted to the 
distal handle section to which the hollow shaft is soldered in such a manner that when 
the two handled sections are screwed together the wire loop enlarges and when the handle 
sections are screwed apart the wire loop is made smaller. Once the proximal core is 
freed from the surrounding vessel wall by the dissecting loop, the snare loop is adjusted to 
fit over the core and is inserted up the core to its proximal end. The loop of the snare 
is then tightened around the core and if necessary the loop can be tightened completely 
into the end of the hollow shaft thus cutting the core loose from its proximal attachment 
which allows removal of the core and results in patency of the proximal end of the vessel. 


Control of the vessel, proximal and distal to the arteriotomy, is supplied by means 
of 2-0 silk noose ligatures formed by threading the ends of the ligature once around the 
vessel and into a segment of small caliber polyethylene tubing which acts as a slip knot 
and can be held in place with a hemostat merely by clamping tubing and contained suture 
with the noose set at the desired tension. For the entire procedure on the artery, a 2- 
power binocular magnifying loop (Fig. 3), which is constructed to permit a wide field of 
view, at a maximum depth of focus of approximately 24 inches, is used. 

The arteriotomy is made at or just below the point of maximum palpated induration 
in the vessel once the segment has been dissected out of the surrounding fat in which it 
is embedded and controlling ligatures have been applied. This incision is made with a 
standard No. 15 Bard-Parker blade on a long handle. The arteriotomy can then be 
enlarged as desired, by means of a fine, angled Potts’-Smith artery scissors. The crucial 
step consists in identifying and developing the cleavage plane which invariably exists be- 
tween outer media and adventitia and inner atheromatous core. Once the core is cireum- 
ferentially isolated, it is transected, and the proximal and distal ends beyond the limits 
of the arteriotomy are further dissected free of the surrounding arterial wall. At this 
point, preferably beginning at the distal end, an appropriate-sized stripping loop is 
threaded over the core which is then gently dissected down the distal length of vessel 
until the end of the obstructing plaque is reached, freed, and withdrawn. The proximal 
core is treated in similar fashion. Once freed it is cut loose at its proximal attachment, 
if necessary, by using the specially constructed fine wire loop snare. The loop is inserted 
around the core, manipulated upward to the most proximal end of the dissection, and 
then retracted into its hollow-wire shaft by means of its threaded handle, thus cutting 
across the core at a patent level and relieving the obstruction as described. The 
arteriotomy is closed with running 7-0 arterial suture using fine forceps and fine diamond- 
jawed needle holders, and circulation is restored. Heparin in some form should be used 
to protect the operated vessel from clotting during the immediate period after closure 
of the arteriotomy. Our technique has been to spread a small amount of sterile powdered 
heparin into the endarterectomized lumen just before closure of the arteriotomy(s) is 


begun (Fig. 4). 
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Fig. 3.—Special instruments and equipment used in coronary endarterectomy. 
by Surgical Instrument Service at 7603 Melrose Ave., Los Angeles 46, Calif.) A, Cover for 
instrument case. B, Instrument case containing intraluminal stripping loop assortment, ad- 
justable core snare, suture hook, intima dissecting instrument with accessory blades, and 
handle for stripping loops. The set and case can be autoclaved. (Legend cont’d on opposite 


page.) 
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Fig. 4.—Artist’s conception of the basic steps in the technique of direct vision coronary end- 
arterectomy by intraluminal stripping. 








C, Magnifying loop characterized by long adjustable maximum focal length, that is, 6 
to 21 inches, and wide visual field. D, Instruments useful in dissection and isolation of 
coronary arteries: angled Potts’-Smith artery scissors, mosquito forceps with right angle 
curved tips. #, Suture hook useful in pulling stay sutures through polyethylene tube in mak- 
ing slip-noose stay-ligature or in threading core traction suture through stripping loop. F, 
Intima dissector with all-angle adjustable blade and two accessory blades of different sizes. 
G, Stripping loop. Upper figure shows maleability of shaft. Lower figure shows handle in 
Place adjustable to any position on shaft. Gi, End-on photograph of the 8 stripping loop sizes 
provided. H, Core snare used to extract proximal occluding core intact. Loop is adjusted 
to a size slightly larger than the already dissected core. The loop is then inserted up the 
length of the core and closed, cutting off the core at a patent level and permitting its intact 
extraction. J, Needle holder and suture. Needle holder constructed from a straight Adson 
forceps with diamond-jaw inserts. 7-0 arterial 18 inches long, single-armed suture (Ethicon) 


is used for arterial closure. 
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Determination of Criteria for Candidate Selection—tIn considering this crucial asy» «t 
of the investigation, the diagnostic problems which one must face even in making a clear-: vt 
diagnosis of angina pectoris are apparent. Nevertheless, in considering which of the miijy 
clinical manifestations of obliterative coronary arterial disease should be attacked first, 
angina pectoris seemed the logical choice provided satisfactory diagnostic criteria could he 
established. Especially attractive in this choice was the fact that many patients with severe 
incapacitating angina pectoris show normal electrocardiograms when not having their pain. 
On the other hand, the great difficulties encountered in making a definite diagnosis of angina 
pectoris on the basis of clinical evidence alone were appreciated. A diagnosis which at best 
is apt to consist only of a classical history, a negative physical examination, negative electro. 
cardiogram, and negative laboratory and x-ray findings. At times the history may seem 
classical, but the patient may actually have arthritis, peptic esophagitis, biliary disease, or 
purely functional symptoms with no discernible organic basis. When the magnitude and 
extreme risk of the procedure proposed to the patient were considered, it was obvious that 
certain basic restrictions must apply: (1) the patient must be completely incapacitated by 
his disease and willing to accept almost any risk or gamble for a chance at improvement; (2) 
other less drastic methods of treatment must have been tried and have failed; and (3) 
the diagnosis must be absolutely certain. 

It was apparent that of these three criteria for selection the last was the most important 
and the most difficult to apply. Emotional stress, meals, smoking, and time of day are apt 
to have an important influence in producing attacks of angina pectoris in contrast to the 
effect of exercise alone. At the same time, in a patient with a normal resting electrocardio- 
gram but with a proved angina pectoris, the pathologic physiology may not include actual 
disease of the myocardium but rather a relative or potential ischemia of the myocardium 
when for any reason it is forced to work at a rate which requires a greater blood supply than 
is available. The electrocardiogram is considered to be highly sensitive in detecting acute 
ischemia, the problem therefore, was to obtain the electrocardiogram during the acute 
ischemia. Most cardiologists will agree that the most definitive objective diagnostic criterion 
is depression of the S-T segments in the precordial electrocardiogram during anginal pain. 
The Master’s 2-step test has been most effective in establishing the diagnosis since often the 
electrocardiographic changes can be produced by exercise which is insufficient to produce pain. 
Therefore, patients have been selected who showed clearly positive Master’s tests or who 
had the eleectrocardiographic abnormalities during pain whether at rest or during exercise. 

The electrocardiographic treadmill exercise tolerance test* was devised in order to obtain 
semiquantitative data on the severity of the disease in the hope that the results of the 
surgical procedure could be more accurately evaluated. It was found that by applying 
anterior and posterior leads on the chest wall over the heart it was possible to get satisfactory 
continuous electrocardiographic tracings with the patient exercising. A motorized treadmill 
was utilized which could be run at a constant pre-selected speed. The effect of a measurable 
amount of muscular effort upon the myocardium by continuous monitoring of the electro- 
cardiogram before, during, and after exercise could then be tested. The results of such tests 
on patients with angina pectoris showed that without exception a patient with angina pectoris 
will have typical, though transient, electrocardiographic changes which correspond with the 
attack of typical pain. The usual sequence of events if such an exercise test is positive is 
as follows: After a few minutes of walking the electrocardiographic tracing of such a 
patient first shows depression of the S-T segment. He then complains of pain and tlie 
exercise is terminated. The electrocardiographic tracing shows flattening, loss, and usually 
inversion of the T wave. Following a variable number of minutes of rest, the electrocardio- 
gram gradually returns to its pre-exercise base line pattern. The result of experience with 
this test indicates that if it is not positive in a patient who is suspected of having angina 
pectoris, then the diagnosis is open to question. If it is positive, the diagnosis is almost 
certainly confirmed. 

As a result of experience with this test, no patient is considered a candidate for 
coronary endarterectomy unless the test is positive or the patient’s myocardial ischemia is so 
severe that his electrocardiogram during an attack shows the typical pattern without exercise. 
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Clinical Experience.—A report of the initial clinical experience with coronary endarterec- 
tomy for angina pectoris was the subject of a previous communication.4 It is not the purpose 
of this paper to give detailed case reports of our subsequent clinical experience but rather 
to discuss this experience in the light of the resultant information and the serious problems 
encountered. The detailed case reports will be the subject of later communications. 
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5.—Typical pre- and postoperative ECG’S obtained in course of the treadmill exercise 
ECG test. 
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In brief, our total clinical experience to date comprises 11 cases. Two of these patien: 


died of the disease during the brief course of their evaluation before surgery could be e: 


barked upon. Nine patients with severe intractable angina pectoris, which was confirme 
by the treadmill exercise electrocardiogram, have been subjected to operation. Five have 
survived operation and all have shown improvement varying from significant to dramatic 
as measured by subjective and objective clinical evaluation and confirmed by repeat 


postoperative treadmill exercise electrocardiograms (Fig. 5). There have been 4 fatalities. 


A. 


Fig. 6.—Diagrammatic summary of the location of obstructive lesions encountered in 
9 cases of angina pectoris due to coronary atherosclerosis. Solid fill-in indicates areas of 
complete occlusion. Shaded areas indicate presence of atheromatous disease without complete 
occlusion. Clear vessel areas indicate complete patency. * indicates vessel endarterectomized. 
* indicates operative fatality. 


Of these, one died as we were completing endarterectomy of the left anterior descending 
coronary artery after we had successfully completed endarterectomy of the right main 
coronary artery. The heart rather abruptly became bradyeardie and then asystolie and 
could not be revived. A second fatality (Case 7) occurred during an unsuccessful attempt 
at endarterectomy of what later proved to be a branch of the left anterior descending 
coronary. At postmortem examination this latter vessel was found to lie very deeply 
embedded in epicardial fat and to be operable as far as the obstructive lesion was con- 
cerned but the vessel had defied location and operation. A third patient (Case 8) survived 
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sudarterectomy of the left anterior descending coronary artery complicated by a few 
minutes of occlusion of the left circumflex when the upper portion of proximal core of the 
left anterior descending was inadvertently thrust into the left main artery during dissec- 
tion with the stripping loop. The heart became bradycardic, the blood pressure dropped 
to a level of 50 mm. systolic, but revival was accomplished by retrieving the lost core 
and applying cardiac massage and injecting CaCl into the left ventricle. This patient 
was markedly relieved of his angina in the first 4 postoperative days in spite of persistent 
hypotension. He then developed status anginosis and subsequently died in acute myo- 
cardial failure in spite of reoperation at which time endarterectomy of the right main 
coronary was successfully performed. 

A fourth patient, totally incapacitated, whose angina was so severe that an attack 
was precipitated by merely 2 to 3 minutes of conversation and who required as many as 
40 nitroglycerin tablets a day, died in myocardial failure just as the exposure of the 
heart had been accomplished and exposure of the coronary arteries had begun. 


B. 


Fig. 6. Cont’d.— For legend, see opposite page. 


A summary of the pathologic anatomy of the coronary arteries encountered in the 
In no ease did obliterative disease 


9 cases subjected to operation is pertinent (Fig. 6). 
exist in the coronary arteries beyond a level which we consider operable by our present 
technique. In every instance the obliterative disease was typically segmental. The 
cleavage plane existing between inner occluding core and outer intact media and 
adventitia was invariably present, easily identified, and permitted insertion of the intima 
dissector and stripping loops with ease. The distal branches of the coronary trees were 
soft, smooth, and filled with blood, so that back bleeding invariably occurred. Small 
branch vessels coming off the main coronary vessels in the region where the core was 
completely occlusive were invariably found to have maintained their patency and would 
bleed in retrograde fashion into the main artery once the main core was removed. Both 
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main coronary arteries were always open at their orifices, so that a high pressure he 
of blood was obtained once the core had been removed proximally. In 9 out of 9 case: 
the left anterior descending coronary artery was totally occluded in a segmental fashion. 
In all cases the right main coronary and the left circumflex arteries showed severe 
volvement, but in 4 the occlusion of the right main coronary artery was not comple! 
enough to permit test clamping without electrocardiographic changes. In the other 
cases, the right main coronary artery as well as the left anterior descending artery was 
completely occluded. The left circumflex artery was completely occluded in only one 
patient. It was diseased in all patients, but in the other 8 patients it was open to such 
a degree that it seemed to be the main source of blood supply to the entire myocardium. 
In one patient all main coronary vessels were totally occluded into their main distal 
branches. This patient appeared to be living on four tiny branch vessels of less than | 
mm. in diameter which came off the proximal segment of the right main coronary artery 
above its point of complete occlusion. 

In every instance but one, there was little difficulty in locating and identifying the 
right main coronary artery or the left anterior descending coronary artery. Furthermore, 
there was no difficulty in localizing with fair precision the area of maximal obliterative 
involvement in the artery. This localization was accomplished partly by palpation and 
partly by identifying by dissection a periarterial inflammatory reaction in the fat and 
fibrous tissue surrounding the artery. This reaction is usually greatest in the area of 
maximum obliterative disease. In the one case where the desired vessel could not be 
found, the left anterior descending artery was missed because a large paralleling branch 
of this vessel was mistaken for the main vessel itself. At postmortem the left anterior 
descending vessel was a large artery buried in almost 2 em. of epicardial fat but showing 
the typical complete segmental occlusion and complete patency of its distal tree. 

The greatest problem in accomplishing the operation did not so much concern the 
dissection on or in the arteries, or problems of removing the proximal or distal core, or 
problems in closure of the arteriotomy. Rather, it concerned the intermittent myocardial 
sluggishness and irritability especially of the left ventricle, which were universally en- 
countered. 

There was not so much a tendency of the heart initially to threaten to fibrillate but 
rather to become bradycardic and sluggish resulting in a drop in blood pressure and, if 
uncorrected, progressing to further sluggishness, dropped beats, irregularity, and finally 
asystole. It was found best to combat this tendency by early recognition and immediate, 
free, and frequent injection of calcium chloride into the chamber of the left ventricle. 
Such an injection was usually followed by an increase in myocardial tone and heart rate 


followed by a rise in blood pressure. In some instances the situation could be further 
improved by instituting a short period of cardiac massage. In each of the 3 deaths which 
occurred at operation, the disaster was preceded by the sequence deseribed which did not 
respond to the resuscitative measures. The heart then showed an increasing tendeney to 
fibrillate, and, though it could be repeatedly defibrillated by a combination of shock, 


massage, and medication, in none of these 3 instances could the heart be revived enough 


to support a satisfactory blood pressure once fibrillation had occurred. In each case the 
left ventricle could be observed to fail increasingly, finally resulting in death. 

Endarterectomy of both the right main and the left anterior descending coronar) 
arteries was accomplished in 4 patients, 2 of whom survived. Endarterectomy of the 
right main coronary artery alone was accomplished in one patient with survival and of the 
left anterior descending artery alone in 2 other patients with survival of both. The 
most dramatic improvement in the survivors was obtained in a patient who had 
endarterectomy of the right main coronary artery alone. He had been totally in- 
eapacitated and was waiting to die preoperatively, but since operation he has not 
experienced pain or exercise electrocardiographic changes in response to any amount ot 
exercise, and he has resumed full-time employment. 
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The poorest result objectively was obtained after endarterectomy of the left anterior 
descending artery alone. Preoperatively, this patient was a bedridden invalid in inter- 
mittent status anginosis. Postoperatively, he complained of occasional angina, relieved by 
nitroglycerin, which typically occurred in response to the exertion required to climb one 
flight of stairs to his apartment carrying a bag of groceries. 

In all patients the preoperative exercise treadmill electrocardiogram has either 
been strongly positive or the typical variable and transient electrocardiographic changes 
were present without exercise. In all survivors the repeat exercise electrocardiogram has 
shown either marked improvement or has become normal. 


DISCUSSION 


Our present attitude with regard to the evaluation of this procedure is 
unfortunately affected by the experience of having encountered operative 
fatalities in the last 3 of the 9 patients subjected to operation. 

Nevertheless, certain pertinent observations which will govern our future 
efforts in this regard have been made. In the first place we remain thoroughly 
eonvineed of the enticingly surgical nature of the lesion under consideration. 
On the other hand, the intermittent sluggishness and irritability manifested 
by the heart in each case during operation regardless of the outcome are ob- 
servations of grave concern. From the profound obliterative arterial disease 
which was found in each instance it was apparent that the vascular reserve 
available to these hearts was pitifully small. Hence, any condition requiring 
even a slight inerease in the work of the heart is potentially disastrous. 

For example, in several of the patients a typical ischemic electrocardio- 
gram appeared during induction of anesthesia and regressed only as the depth 
of anesthesia was increased and better more controlled oxygenation was estab- 
lished. Increasing sluggishness and irritability also seemed to be directly 
related to the duration of the procedure on the vessels. Age was an ap- 
parent factor since the 2 patients who went through the procedure with the 
least difficulty were the youngest patients in the series. Thus, it is apparent 
that although the lesion has proved operable, the trauma of operation, at least 
until improved myocardial circulation is finally established, can easily over- 
stress the myocardium to an immediately irreversible degree. 

We feel, therefore, that our zone of attack on this disease must still eon- 
cern the desperate-risk patient to whom nothing else can be offered. In addi- 
tion to severe angina, one might consider also the patient in irreversible shock 
from myoeardial infarction and the patient in chronic intractable myocardial 
failure from coronary atherosclerosis, 

Further improvements in technique may include some form of myocardial 
assistanee at least during operation and possibly for a period immediately 
before and after operation as well. 


SUMMARY AND CONCLUSIONS 


1. The rationale of coronary endarterectomy in severe angina pectoris due 
to obliterative coronary atherosclerosis has been discussed and supported from 


a pathologie viewpoint. 
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2. The feasibility of re-establishment of blood flow through a former|y 
obstrueted coronary arterial segment has been proved by animal experimenti- 
tion. 

3. An objective method permitting diagnosis, case selection, and postopera- 
tive objective evaluation of results has been elaborated. 

4. A surgical technique and the instrumentation thereof for coronary 
endarterectomy has been presented. 

5. The surgical pathology encountered in 9 eases of severe angina pectoris 
due to coronary atherosclerosis has been described and discussed. 

6. Observations made in the course of the clinical and operative manage- 
ment of the 9 eases are recorded. 

7. Evaluation of the status of the operation and its future study and im- 
provement is made. 


Grateful acknowledgment to Dr, I. G. Kawakami, Mr. Manuel Sanchez, the Department 
of Anesthesia and the Resident Staff. 
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DISCUSSION 


DR. IVAN D. BARONOFSKY (New York, N. Y.).—Drs. Cannon and Longmire have 
tackled a very, very difficult subject. In fact, it is the most difficult of all the cardiac 
surgery problems. It is so simple to be able to put a patient on a pump and close the 
hole and obtain an effective result because the hole is closed. It is another problem to 
do what they are trying to do, that is, to get both subjective and objective evidence of 
improvement of the coronary flow. As they have shown, it is a rather difficult problem 
from the point of view of surgery. These patients do not tolerate surgery. We attacked 
this problem at the Mount Sinai Hospital a little differently. With much experience in 
the management of these patients and also the surgery of these cases, I was convinced of 
one thing: the simpler the approach, the better and the simplest approach is one that 
might not even entail extensive surgery. 

We have been interested in the use of radiation as a means of increasing the circula- 
tion of the heart in coronary heart disease. Here is an animal in which the anterior 
descending artery has been ligated and you can see the bluish area—this is the control 
dog—the bluish area outlined by the intradescending artery with a pinkish area here. 





Next slide, please. 

This shows the animal that has been irradiated and you can see the ligation of the 
artery at this point with neither the bluishness nor the possibility of a decreased blood 
supply in that particular area. The next slide, please. 

This shows some of the results that we obtained. Here is a control group of 30 
animals, anterior descending ligation, 10 per cent mortality, over an 8-hour period; 10 
per cent mortality over a 24-hour period. It is very important to investigate not only 
the immediate mortality but also the 24-hour. One must wait for 24 hours as shown by) 
the following group that was treated with 1,500 r. Twenty-five animals had a 56 per 
cent immediate survival; 32 per cent survived after 24 hours. Of 25 dogs irradiated with 
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2,500 r; 48 per cent survived after 8 hours; 48 per cent after 24 hours. This shows that 
the group of dogs having more radiation were protected even greater than the second 
group. Next slide, please. 

Here we have a picture showing pathology of the control animal after 2 months. 
It had an anterior descending artery ligated and you can see the infarction of the 
musele through and through. The next slide, please. 

Here is an animal that has been radiated. Notice the zone of protection with the 
infaretion below. This is after 2 months. We do not know whether this will be effec- 
tive. At least, there are many arguments why this may not work but I ean think of 
many arguments why it will work; not only that, but I can see many arguments for 
using this, because it is not hard to convince the patient with coronary heart disease to 
be treated when he is told that he does not need to have surgery. 


DR. WILLIAM H. MULLER (Charlottesville, Va.).—I know that Dr. Cannon has 
been interested in this for some 6 or 7 years and I am pleased to have had the oppor- 
tunity to talk with him and to observe the progress of this work. I would like to mention 
one case that we have operated upon because it emphasizes a number of points that Dr. 
Cannon has made, the first of which is the necessity for an accurate diagnosis. Our 
patient was a 49-year-old man who had virtually all of the indications for operation 
mentioned by Dr. Cannon. There had not been a myocardial infarction. He had extreme 
angina and intolerance to exercise. When we opened the chest and the pericardium with the 
plan to perform a poudrage procedure or an endarterectomy, the coronary arteries ap- 
peared as though they had been marked on the myocardium with a white pencil. They 
were completely calcified and certainly endarterectomy would not have sufficed here. 
Shortly after the pericardium was opened, ventricular fibrillation occurred which was 
irreversible in spite of massage. Endarterectomy of the anterior descending branch of 
the left coronary artery was completed, nonetheless. He did not survive. Especially 
in view of what Dr. Cannon has said, I would like to raise this question. I wonder if per- 
haps one might not, utilize the pump-oxygenator in these patients, realizing that this is 
somewhat analogous to a coarctation. However, so much trauma is incidental to the 
operation, that it would seem advisable to have the pump-oxygenator available so that 
it might be used if acute heart failure occurred. 


DR. CANNON (closing).—Having been through these 9 cases, I would not think of 
ridiculing the idea of using x-ray as therapy if similar results could be thereby obtained. 
This type of surgery is traumatic not only to the patient, but also to the surgeon. It is 
hoped that if we can go along with the idea of becoming truly objective in the evaluation 
of results that a safer and simpler procedure can be devised which will help patients with 
this disease. Even internal mammary artery ligations would be attractive to us if objec- 
tive proof of its merit could be demonstrated. We wish to emphasize that we feel no 
patient has been “sold” this operation. It was offered him. The in’s and out’s were dis- 
cussed and he was told that his chances of coming through it were not even 50-50. Such 
patients were always given time to think the matter over. No urging of any sort was 
practiced. 

With regard to Dr. Muller’s remarks involving the pump-oxygenator, it is obvious 
that there are very real possibilities along these lines. However, it is very likely that 
use of such a technique will impose many new and serious problems which will require 
solution. Unlike the patient with the congenital structural cardiac defect, or the patient 
with other types of acquired heart disease, the patient with angina pectoris is suffering from 
a generalized disease most strongly manifested by myocardial ischemia. It is consequently 
very possible that such problems as charging volume, platelet response, anticoagulants, 
and even the arterial cannulations may be very great. There is the possibility of the 
heart-lung machine in such patients adding more to the morbidity and mortality. Never- 
theless, there can be no denying the fact that our experience has at least proved that the 
myocardium in such patients needs more help than it can be given throughout the opera- 
tion. At the same time the lesion per se would appear very definitely to be surgical in 
nature, 
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ATIENTS with portal hypertension and esophageal varices resulting in re- 

peated hematemesis are among the most challenging to effect a lasting cure. 
More than 50 per cent of such patients having intra- or extrahepatic portal vein 
block will suecumb to hemorrhage if untreated®® ™ and there is usually subse- 
quent hemorrhage in those who survive. For many years, surgeons have de- 
veloped and applied various operative procedures designed to prevent varix 
bleeding. A review of the literature discloses that there is as yet no single or 
combination of operative procedures which has been tried extensively and 
proved to cure all such patients. This report deals with the author’s experience 
in trying to achieve a permanent cure from varix hemorrhage, for patients 
who cannot have a porta caval shunt and the present plan of operative treat- 
ment evolved from this experience. 

From August, 1948, through July, 1951, 7 patients were operated upon. 
The operation was an almost total gastrectomy, leaving 2 em. of stomach on the 
greater and lesser curvature sides below the esophagogastric junction. Two 
have had no bleeding to date, but 5 had subsequent bleeding and 3 of these 
had a successful lower one-third esophagectomy. There was no further bleed- 
ing for a period of 534 to 74 years. 

From December, 1952, through October, 1958, 21 patients were operated 
upon. The operation was a partial esophagogastrectomy, of the lower one-third 
esophagus and upper 5 em. of stomach. Seventeen patients had extrahepatic 
block and 4 had cirrhosis. There were 4 deaths (19 per cent) and, among the 
17 survivors, 2 had further hemorrhage. Nineteen of the 21 had reeonstruction 
with an interposed isolated segment of jejunum, 7 with an isolated vascular 
pedicle where the bowel was supplied through a single artery and vein to the 
arcuate, and 12 without interruption of the arcuate vessels distally. The details 
of the experience are presented along with a description of the operative proce- 
dure as currently performed. 

BACKGROUND 
The surgical treatment employed during the past more than 60 years in an 


effort to prevent recurrent hemorrhage from esophageal varices may be con- 
sidered in five categories: (1) reducing of the amount of blood entering the 
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portal circulation, (2) shunting of blood from the portal to the systemic cireula- 
tion, (3) decreasing the amount of blood coursing directly from the portal sys- 
tem through the esophageal varices, (4) decreasing or abolishing acid-pepsin to 
prevent erosion of esophageal mucosa over the varices, and (5) obliterating or 
excising of the varices. 

Category 1—In 1883 and 1894 Banti* ° described the disease which he be- 
lieved started in the spleen and was characterized by splenomegaly, anemia, and 
ultimately cirrhosis, ascites, and death. Over the ensuing years, many observers 
concluded the disease was really a syndrome resulting from portal or splenic 
vein obstruction. Surgeons performed splenectomy not only for the relief of 
left upper quadrant discomfort and correction of anemia, but also in the hopes 
of stopping varix bleeding. Mayo*’ reported in 1929 that splenectomy in 144 
patients with “splenic anemia” resulted in a 9.6 per cent mortality and that 
10 per cent of the survivors died of hemorrhage during the immediate 10-year 
period postoperatively. Pemberton®? analyzed the experience from the same 
elinie in 1945 presenting 272 patients with “splenic anemia” subjected to sple- 
nectomy with a mortality of 10.7 per cent. Six of the 29 postoperative deaths 
were due to hemorrhage and 40 per cent of the survivors had subsequent gastro- 
intestinal hemorrhage. One hundred and seventy-three patients had gastro- 
intestinal hemorrhages preoperatively and 93 (53.7 per cent) had recurrent 
bleeding postoperatively. Of the 99 patients who had no gross bleeding pre- 
operatively, 15 (15.2 per cent) had subsequent bleeding. Rousselot®* reported 
the results of splenectomy in 15 patients with extrahepatic obstruction. Nine 
continued to have bleeding and 5 of these died. Shumacker and King® per- 
formed splenectomy in 10 patients for bleeding varices and 9 of these had 
recurrent hemorrhage. 

The rationale of splenectomy in portal hypertension to prevent varix bleed- 
ing is the presumed permanent decrease in the amount of blood entering the por- 
tal venous bed. Almost every article in the literature relating to this subject 
states that there is a 20 to 40 per cent reduction in portal vein blood. However, 
no measurements, direct or indirect, have been recorded in animal or man docu- 
menting this reduction. Bradley’® *° found that the cireulating blood volume 
in the splanehnie bed is not reduced significantly when measured by the regional 
dilution method using I'*' albumin in the intact anesthetized (Nembutal) dog 
after recovery from splenectomy. 

The patients with bleeding esophageal varices who obtain permanent relief 
probably have simple splenic vein obstruction. Those with portal vein obstruc- 
tion probably gain some measure of relief from bleeding following splenectomy 
by decreasing the amount of blood going through the varices and correction of 
paneytopenia rather than through a reduction in portal vein volume. It is now 
well known that in portal hypertension splenectomy alone is a poor operation 
for the eure of varix bleeding. 

In the same category as splenectomy are the operations of splenic artery 
ligation® 2 1; 2% 75 first. performed by Blain in 1918, and ligation with implanta- 
tion of the spleen in the abdominal wall*’ ** as carried out by Holman. The 
furmer should be reserved for those patients where the technical difficulty of 
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splenectomy is too great. The latter operation has never been fully evaluated 
in a significant number of patients but it may be surmised that there would be 
little, if any, gain over the results of splenectomy. 

Hepatic and splenic artery ligation as proposed and earried out by Rein- 
hoff** for the reduction of portal blood volume and allowing a greater inflow of 
blood from the portal vein through the liver in advanced cirrhosis was supported 
by experimental and clinical studies of Berman and associates.? Madden’s re- 
sults,“ however, were very poor and he wrote in 1953 that the fundamental con- 
cept on which the operation was based was unsound anatomically and physio- 
logically. 

Category 2.—Talma*™ suggested the procedure of omentopexy in 1889 for 
the relief of ascites in patients with cirrhosis and such an operation was re- 
ported by Drummond and Morison** in 1895. <A considerable number of sur- 
geons performed the operation as reported by VanderVeer,”* but ultimately it 
was appreciated that the apparent beneficial effects were probably related to 
improvement in liver function due to dietary improvement rather than decom- 
pression of the portal bed by shunting a very small amount of blood to the sys- 
tem circulation. 

Almost all surgeons interested in the problem of portal hypertension agree 
that the most effective and physiologic operation to decompress the portal bed 
is by the establishment of a portal-systemie vein shunt. This was documented 
by Whipple,7* Blakemore and Lord,'* '° and subsequently Linton,*? Rousselot,*’ 
and Child.*? Others too numerous to mention have made significant contribu- 
tions to the subject. There are, however, four groups of patients in whom a 
shunt may not be technically possible or fails: (1) children less than 8 years of 
age because of the small size of the veins,’® (2) portal vein thrombosis and/or 
previous splenectomy,'* (3) inferior vena cava obstruction, and (4) establish- 
ment of a shunt which is too small or closes by thrombosis. For the treatment of 
patients in Groups 1, 2, and 4, Clatworthy, Wall, and Watman** proposed and 
carried out in two patients suture of the proximal end of the divided vena cava 
to the side of the superior mesenteric vein. This operation deserves an exten- 
sive trial since it should result in effective portal bed decompression. However, 
it is probable that we shall always have some patients in whom it is impossible 
for one or more reasons to perform an effective portal-systemie vein shunt, and 
it is believed these will require a direct attack on the varices to prevent re- 
bleeding. 


Category 3—MelIndoe** concluded from his excellent postmortem studies of 
collateral circulation in patients with cirrhosis and esophageal varices that the 
main source of blood to the varices was through the coronary vein of the stom- 
ach. He recommended coronary vein ligation in order to interrupt this flow and 
an operation was performed upon a patient by Walters** but was followed by re- 
eurrent gastrointestinal hemorrhage.*? The results in a series of 10 more pa- 
tients having vein ligation with or without omentopexy were not good." Grace*’ 
extended the operation by the added injections of sodium morrhuate into the 
gastrohepatic omentum and ligation of many veins on the undersurface of the 
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diaphragm. Our observation of patients having coronary vein ligation with 
or without sclerosing solution injected or omentopexy led us to the conclusion 
it was an inadequate operation. 

In 1950 Tanner’ presented an operation which he called “transgastriec 
porto-azygos disconnection” in which the stomach was transected through the 
fundus and resutured in an attempt to decrease the amount of blood going 
through the esophageal varices. All of the anterior and posterior vasa brevia 
were ligated as well as the left gastric pedicle including the descending branch 
of the left gastric artery. Two patients operated upon less than a year prior 
to the report had no recurrent hemorrhage. Allen’? performed 5 similar oper- 
ations except for the addition, in the last 3 patients, of gastrie decompression 
because of the vagotomy effect of fundie bisection. The first 2 patients without 
gastric decompression died of aspiration pneumonia and a third died 10 months 
postoperatively of liver failure without bleeding. The remaining 2 patients 
had no subsequent bleeding in a 3- and 6-year follow-up period. 

Som and Garlock*® °* attempted to inerease the venous drainage from eso- 
phageal varices by the artificial creation of a more extensive venous collateral to 
the azygous vein. The initial operation of temporary packing of only the pos- 
terior superior mediastinum was later extended down to the diaphragm. Two of 
8 patients were completely protected from subsequent bleeding, one for 814 
years. Based on our observations of patients having this operation elsewhere 
along with our own personal experience leads us to conclude the procedure has 
little merit. 


Category 4.—Kegaries*”: *! studied the venous plexus of the esophagus and 
in addition to stressing the importance of the coronary vein in the development 
of varices stated that the connection between the splenie and esophageal veins 
through the vasa brevia was worthy of consideration. Furthermore, he spec- 
ulated on the mechanism of varix bleeding and proposed the thesis that, while 
trauma might play a part, erosion by refluxed acid-peptie juice from the stom- 
ach of the relatively avascular epithelium overlying the varices was quite likely. 

Baronofsky’? presented an excellent review of the subject of portal hyper- 
tension along with a summary of the experimental data supporting the hypoth- 
esis of Wangensteen and Baronofsky that varix bleeding was caused by acid- 
peptie erosion of the overlying epithelium. They proposed that recurrent bleed- 
ing should be prevented by an almost, or total, gastrectomy which would (1) 
remove the acid-peptic factor, (2) separate the direct communication between 
the portal and esophageal vein system, and (3) reduce the inflow of blood into 
the portal system. From February, 1945, to July, 1947, Wangensteen per- 
formed a 90 to 100 per cent gastric resection in 8 patients, all of whom had had 
previous hematemesis or melena. Three patients had a previous splenectomy 
and 5 concomitant splenectomy. All 4 of the patients with cirrhosis died post- 
operatively, 2 due to liver failure and 2 subphrenie abscess. The 4 with extra- 
hepatie block survived. The patient with 90 per cent resection died of hemor- 
rhage 11 months postoperatively and the one with 98 per cent resection had one 
bout of melena 5 months after operation in a total follow-up period of 12 months. 
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The remaining 2 patients having a 95 and 100 per cent resection did not rebleod 
in a follow-up period of 24 and 7 months, respectively. The conclusion was 
drawn that a total gastrectomy was necessary to afford absolute protection. 

Gray and Whitesell** presented their operation in 1950 designed to prevent 
varix bleeding by performing a splenectomy and devascularizing the lower one- 
third of the esophagus and upper cardia along with vagotomy and gastroenteros- 
tomy. They were trying to achieve, among other things, a decrease of acid 
production without gastrectomy. Three patients with previous hematemesis, 2 
with extrahepatic block, and one with cirrhosis were operated upon and there 
was no recurrent bleeding in a 5- to 14-month follow-up period. 

The experimental and clinically suggestive evidence to support the hypoth- 
esis that acid-peptie erosion of the esophageal epithelium overlying the varices 
as the cause of bleeding is most attractive. However, there is some clinical evi- 
dence to refute the thesis that it is the only or perhaps the major factor. Barnes 
and Redo® performed a resection of the esophagogastrie junction and re-estab- 
lished continuity with a Roux-Y isoperistaltic esophagojejunostomy, completely 
bypassing the stomach in 4 patients with bleeding varices. One patient died 
on the fifth postoperative day, and in the 3 survivors there was recurrent varix 
bleeding at 114, 3, and 5 years, respectively. Rousselot®® has performed a par- 
tial esophagogastrectomy, by removing the lower portion of the esophagus and 
upper one-half of the stomach in 5 patients who were reconstructed in a similar 
fashion as deseribed by Allison* and Barnes and Redo. One patient had reeur- 
rent bleeding at 2 years, one died at 8 months of liver failure, and the remaining 
3 have had no bleeding in a 2- to 3-year follow-up. He has abandoned the oper- 
ation due to the side effects of dumping and failure to gain weight. This evi- 
dence of rebleeding, along with the results in our patients with almost total 
gastrectomy, should exclude total gastrectomy or other operations performed 
to reduce gastrie acid as one of choice to eure recurrent esophageal varix bleed- 
ing, 

Jategory 5.—Crafoord and Frenckner®® initiated the direct attack on varix 
obliteration by injecting a sclerosing agent. Moersch*® °° pursued this method 
enthusiastically and reported quite good results®! in protecting 12 of 22 patients 
from subsequent bleeding for a period of 3 to 7 years. He coneluded that fail- 
ures were due to bleeding from noninjected gastric varices below the cardia. 
Many other elinies ineluding our own used the injection technique but were 
never able to prevent recurrent bleeding for a long period of time. However, 
Macbeth*t reported a series of 30 patients treated over a 12-year period in which 
he emphasized the need for repeated sessions to completely obliterate all varices 
and frequent examinations thereafter to ablate any recurrent or newly formed 
ones. The results achieved by this more persistent attack in 14 of 16 patients 
with extrahepatic block were sufficiently good to suggest the procedure may 
still have a place in our therapeutic armamentarium in selected cases. 

In 1950 Crile** presented his operation of transesophageal ligation of varices 
performed on 7 patients with extrahepatic block, all of whom had previous 
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splenectomy and 5 had gastric devascularization with vagotomy. In a 6- to 23- 
month follow-up, 2 had rebled; one of these was thought to be due to a docu- 
mented gastric ulcer and the other to persistent varices. He was not aware that 
Boerema!” *® had reported a somewhat similar operation in 1949, In 1953, 
Crile? gave a follow-up on the original 7 now extended to 33 to 48 months 
without further bleeding and added 2 patients who had no recurrent bleeding 
in 5 to 21 months. He did not try the operation as an emergency or definitive 
procedure in patients who had cirrhosis and bleeding varices. 

Linton and Warren*® performed transesophageal suture of bleeding vari- 
ces in 11 patients, in 8 with cirrhosis as a preliminary emergency measure to 
stop bleeding prior to a shunt, and in 3 as a definitive operation. One of these 
3 had cirrhosis. The results in the group of 8 patients were one postoperative 
death, 3 rebleeding (at 4, 6, and 8 weeks, respectively) and 4 no bleeding. In 
the group of 3 patients, the one with cirrhosis rebled at 5 months, the one with 
extrahepatic block at 3 and 8 months, and the third had no bleeding up to 24 
months. These authors concluded that the operation performed on patients 
with cirrhosis and active hemorrhage as an emergency procedure should be 
followed in as short a period of time as possible by a portacaval shunt. Hal- 
lenbeck and Shocket** carried out the operation as a definitive measure on 9 
patients with extrahepatic block and in a 7- to 19-month follow-up, one patient 
had one episode of bleeding, and a second patient had several episodes. Brit- 
ton?! recently compiled some statistics bearing on this subject from the litera- 
ture and of 19 cases of extrahepatic block treated by suture, 9 (47 per cent) 
had recurrent hemorrhage. In 28 patients with cirrhosis, there was an opera- 
tive mortality of 28 per cent and a recurrence of hemorrhage in 9 (32 per cent). 

The value of the operation in patients with cirrhosis is probably only for 
the control of active bleeding, not successfully accomplished by balloon tam- 
ponade,’® prior to performing a shunt. When performed on patients with 
extrahepatic block as a definitive procedure, it has not resulted in a high cure 
rate. A longer follow-up than reported by Crile*® is needed to assess the pro- 
tection afforded those who have not rebled. 

Welch” used a transabdominal approach to ligate varices in patients with 
cirrhosis and active bleeding. He was able to suture the varices in the lower 8 
to 9 em, of esophagus and the cardia by placing an incision through the 
esophagogastrie junction. Two of 5 patients operated upon in this fashion 
survived. His approach would appear to be much simpler and safer than the 
transthoracic route of Crile and Linton for these very sick patients. However, 
the transthoracic approach is technically easier and more thorough when ap- 
plied to patients with extrahepatic block as an elective definitive operation. 

Phemister®’ initiated the direct attack of varix excision by performing a to- 
tal gastrectomy in August, 1944, upon a patient with extrahepatic block and pre- 
vious splenectomy who had bleeding presumably from large gastric varices after 
the esophageal varices were obliterated by the injection method. In a 32-month 
follow-up period at the time of the first report, rebleeding occurred at 8 and 
24 months indicating residual or newly opened esophageal varices. A second 
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patient, also with extrahepatic block, was operated upon in December, 1946, hay- 
ing a partial esophagogastrectomy where the lower 3.5 inches and upper 2 
inches of stomach were removed. The specimen showed varices in the lower 
esophagus. In a 314-month follow-up period, there was no further bleediiig. 
Another report in 1951%* extended the follow-up of both patients with no sub- 
sequent bleeding to December, 1950. Two additional cases of partial esophago- 
gastrectomy with a 15- and 20-month follow-up period without bleeding were 
added. Eneouraged by the results achieved and presumably by the recognition 
of the necessity for partial esophagogastrectomy to remove the varices, other 
surgeons performed the operation. 

Shafer and Kittle®* reported 6 operations in which the lower one-third of 
the esophagus and upper one-third to four-fifths of stomach were removed in 
®) patients with extrahepatic block and one with advanced cirrhosis. The age 
‘ange was 7 to 36, with the oldest having cirrhosis. The youngest patient, age 
7, who had a lower one-third esophagus and upper one-third gastric resection, 
rebled at 1144 years and died of hemorrhage 3 months later. There was no re- 
eurrence of bleeding in the other 5, who had a more extensive gastric resee- 
tion, in a follow-up period of 3 to 15 months. Shumacker and King*®® per- 
formed 5 partial esophagogastrectomies (lower esophagus and upper one-half 
stomach) in postsplenectomy bleeders with extrahepatic block, one of whom 
had had, in addition, a splenorenal shunt and devascularization of the upper 
stomach. There was one operative death (cardiac arrest) and one postopera- 
tive death (esophagogastric leakage). In the 3 survivors, there was no subse- 
quent bleeding for 2 to 314 years. Merendino and Dillard** performed two 
partial esophagogastrectomies for varices and interposed a segment of jejunum 
as presented in their paper of 1955. In a later publication” the follow-up of 
these 2 patients was extended to 42 and 48 months with the latter patient hav- 
ing had only two minor episodes of melena. Womach*® presented the experi- 
ence with 5 patients having far-advaneed cirrhosis subjected to partial esopha- 
gogastrectomy in which 3 patients had no bleeding for 14 to 23 months; the 
fourth patient died one year postoperatively with liver failure and the fifth 
patient died in the immediate postoperative period of a pulmonary embolus. 

In the several reports cited in the foregoing there has probably been some 
variation in the length of esophagus removed and definitely a considerable 
variability in the amount of stomach. These reports are not clear in detailing 
the exact amount of esophagus removed so that firm conelusions cannot be 
made in relation to subsequent bleeding or no bleeding. The difference be- 
tween the operation performed by Merendino and the others is that a segment 
of jejunum with smaller vessels supplying it was anastomosed to the esoph- 
agus. This may result in a smaller direct reeommunication between the portal 
bed and remaining esophageal veins than might occur with an esophagogas- 
trostomy. 

Becanse of the reports of recurrent bleeding following partial esophago- 
gastrectomy in some patients, Cooley and De Bakey** extended the operation 
by resecting the esophagus at a level just above the azygous vein. Three pa- 
tients were operated upon and the one with cirrhosis died postoperatively of a 
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bleeding diathisis. The 2 with extrahepatic obstruction survived and were 
without recurrent bleeding for 10 and 14 months, respectively. There is little 
question that this procedure should be associated with a cure as far as re- 
bleeding is concerned, but a higher operative mortality may be expected. It 
is our opinion that this operation should be performed as a secondary pro- 
cedure in those having recurrent bleeding after a lower one-third esophagec- 
tomy, rather than as a primary procedure even in those with very extensive 
large esophageal varices and frequent hemorrhages. 


Fig. 1. 
MATERIAL 


In 1948, we had a group of 7 patients, all with extrahepatic block who continued 
to have hematemesis after splenectomy, partial devascularization of the stomach, superior 
mediastinal packing, and portacaval shunt (Table I). It was decided to perform a total 
gastrectomy and divide the periesophageal vessels from the lower one-third of the 
esophagus so as to sever any direct communication between the portal system and the 
varices. In order to prevent reflux of jejunal contents and create an anastomosis less 
likely to leak, the original plan was modified to preserve 2 em. of stomach on the lesser 
and greater curvature sides below the esophagogastric junction. A large pouch was 
fashioned by doing a side-to-side jejunojejunostomy (Fig. 1). 

From August, 1948, through July, 1951, these 7 patients (3 males and 4 females), 
age 4 to 38 years, were operated upon and all survived the operation. The first 2 pa- 
tients operated upon in 1948 had extensive varices throughout the esophagus which have 
not decreased in size but there has been no recurrent bleeding. The next 5 patients had 
Subsequent hematemesis at 6 to 24 months postoperatively and one of these died in an- 
other hospital of a pulmonary embolus associated with an episode of major hemorrhage. 











Surge 


July, 19 


perp fseuojs yonp woUrUIOD 


HABIF 





-Suryord yeu \SBq] \N—SFGI 











JUNYS ULOA [euel }F9[-O} 
00Z 105 AuLOYSOYoopajoya “1C6I [C61 [C6I ULIA DILA}JUBSOU IOLLOFU[T—/FGT €I6I W 
‘0g [dy ‘surposyq juenbasqns oN ‘OL “eq = TS6T “AINE “FT Yoreyy AwoyoustdS—LE6l  ES6I ‘LE “ONY ee 
SISOWII}VUIOY 1d}FB SNTOY 0c6I 16. ‘W 
-wo Arguowynd ‘perp ‘geet ‘oz “qa7 ag IG6L “3deg = “BT. “20q fu1ojyoaua[dgS—9F6 1 9F6L “LT [udy ae i 
styiseydoss xngoer 10F 
Auoysounfofounfel uotistaos ‘Fog €C6I OC6E Junys [Vavoejiod poydus3yy—zc6l 6c6L “a 
‘9g ABI *Sutpssiq yuenbasqns on ‘6g [uudy <3cé6l ‘[udy 0g °220 Aw10veue|dgGg—cFGI LE6L ‘; ABT ‘AV “e 
yunys 
uisdjoulqy % yesop BAB) BUIA-0}-ULOA DIUBTdgG—CFGT 
o1yeysowoy ‘peq [eeseydose woz eCé6L 0cé6rT uorounl dtuysesoSseydose spassaa Of6T ‘WwW 
osvyssowey ‘ajqe} Suryesodo uo poy =z youRyy «= E6T “HPO |) 6 OuNg = UoLyeSTT suid AuoyouUe]dgS—FFEEL OFET Se [dy ‘Sa 'F 
Suryoed eursetpom ‘yunys 
[pavoeyiod poayduisyyy—sFel 
UWOISIL IIIySBs 
-oseydosa ‘UOlyBzLIB[NosSBAvg—FF6[ 
seolea uotjoefur ‘arnyeAmmd 
TS6T AAI I, 661 IOSSa[ ‘S[OSSAA WOTJVSIT—ZPFGET CI6I “a 
Surpee]q juonbesqns oN TL “PO G6F6I “Ideg  ‘gT oune Awmoyooustdg—og6l  8z6l ‘ST yuryy = “dN 
Suryoud peurysBipey{—SFe6l 
quNYSs BABI BUIA-0} 
SF6I “UJ9A dLLoJUaSOU LoLIedNg—/FGT ee6l rr | 
snsevydosea yNoySnoasy} SadLIVA ISIB'T a eu0oN ‘gt ‘vad A£u10ya0u21dgS—9F6T Se6L ‘o £BIV ‘T'A 'S 
qunys BABD BUBA-0} 
-UIBA DILB}UBSIW 1OTIVdNg—gFGT 
uotjounl derpred 
OSGI 10378 UsAprtyo ¢ ‘sorouvuseid F SF6T -oSevydosa sjassoa wo1yesv[—ePel Lz61 “7 
snsevydosea ynoysnosyy Sed1dBA aS1e'T =# aUuON ‘ST ‘sny Aut0yoou9TdS—F6 1 CEI ‘eT tudy » ke et 
LNAWWOO AWOL ONIGAATAIA AWOL SNOLLVUAdO SQOTATYd SISANAL aLva xas 
-OUDVHdOSa 40 ALVd -OUULSVD -VWAH HLMIa LNAILVd 
& Ya MOT 40 ALVa LSU 
40 ALVa 








S 
N 
N 


AWOLODULSVS) TVLOT, LSONTY ‘I 





aTAV 














Volume 46 TREATMENT OF ESOPHAGEAL VARICES 221 


Number | 


Based on this experience, it was apparent that the operation of almost total gas- 
treetomy was a poor one and that the persistent large esophageal varices should be re- 
moved by performing lower one-third esophagectomy. This procedure was attempted in 
the remaining 4 patients as may be seen in Table I, and 3 survived the operation. It was 
possible to raise the jejunal pouch into the chest to the level of the inferior pulmonary 
vein for esophageal anastomosis. The fourth patient (F. 8.) operated upon in March, 
1953, died on the operating table of exsanguinating hemorrhage due to an intense collat- 
eral circulation between the lower esophagus and posterior mediastinum and a hemostatic 
defect which developed during the operation thought to be due to an excess circulating fibrino- 
lysin. Two patients, M. P. and A. E., operated upon Oct. 11, 1951, and April 29, 1953, 
respectively, have had no recurrent bleeding. The third patient, J. J., operated upon 
Dee. 10, 1951, had no recurrent bleeding to April, 1957, when he developed obstructive 
jaundice. At operation, the common duct was filled with small stones and, in an attempt 
to remove them, exsanguinating hemorrhage occurred from the many collateral veins in 
the hepatoduodenal ligament. 

In 1952, the decision was reached to perform a partial esophagogastrectomy upon pa- 
tients with recurrent varix bleeding when it was not possible to perform a portacaval 
shunt or when one which was created thrombosed. Kegaries40, 41 had pointed out and 
our observations confirmed the fact that, in the vast majority of patients particularly 
with extrahepatic block, the radiographically demonstrable varices were confined to the 
lower esophagus. It was also our observation that gastric varices were confined for the 
most part to the region below the cardia except for the occasional patient having large 
ones in the major portion of the fundus. Accordingly, it was decided to divide the 
esophagus immediately below the inferior pulmonary vein and the stomach 5 em. below 
the cardia and perform an esophagogastrostomy. There were reservations that new 
varices might form during a long follow-up period as a result of communication across 
the anastomosis between the large veins of the esophagus and stomach and that reflux 
esophagitis would occur which was not only distressing but might lead to ulceration and 
bleeding. In order to circumvent both of these objections of esophagogastrostomy, it 
was decided to interpose a segment of jejunum between the esophagus and stomach. 

From Dee. 10, 1952, to Oct. 18, 1958, 21 patients were operated upon and had a 
partial esophagogastrectomy as described (Table II). There were 8 females and 13 males 
with an age range of 4 to 57 years; 10 were children and 11 adults. Four had cirrhosis 
and 17 extrahepatic block, with the latter probably all portal vein thrombosis with the 
secondary development of intense collateral venous circulation at the porta rather than 
a congenital cavernomatous transformation. All had episodes of severe hematemesis and 
one patient (Case 6) had had more than 700 transfusions prior to operation. Prior sple- 
nectomy was performed in all patients except Case 13 who had a very large spleen (1,950 
Gm.) removed at the time of the partial esophagogastrectomy. 

Each patient had had some type of portal-to-systemic vein shunt accomplished or an 
exploration for a possible shunt except Case 14. It was decided not to attempt a shunt 
because of the documented extrahepatic block with small recanalized veins in the portal 
system and the fact that the last bleeding episode in 1957 was quite severe with asso- 
ciated coma. Two patients had transesophageal ligation of varices (elsewhere), 3 had 
repeated injection of varices, and one had a superior mediastinal packing operation. The 
cases operated upon by year are as follows: 1—1952, 2—1953, 3—1954, 7—1957, 8—1958. 

There were 4 deaths in the adult group, an over-all mortality of 19 per cent. Of the 
17 survivors, all have been followed and 2 (Cases 10 and 19) have had subsequent he- 
matemesis and are described in more detail. 


Case 10, R. 8., the third child of an Rh negative mother, required an exchange 
transfusion after birth which was performed through an abdominal wall vein because of 
a friable and necrotic umbilicus. Splenomegaly was determined at age 114, though he 
had had an anemia for more than one year. The first hematemesis was in January, 1956, 
and shortly thereafter, he had a splenoportagram which showed a 10 mm, diameter 
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splenic vein but no portal vein and extensive small esophageal varices to the level 
the fourth thoracic vertebra. He was operated upon having a splenectomy and splen 
renal shunt from which he had an uneventful convalescence. 

In October, 1957, he had a massive hematemesis and, on recovery, barium study of 
the esophagus and stomach showed no definite varices. On Nov. 2, 1957, a partial esopii 
agogastrectomy with interposition of a 20 em. long jejunal segment, as previously de 
scribed, was performed. The postoperative course was uneventful. The nasogastric tube 

yas removed on the seventh postoperative day and feeding by mouth was begun the fol 
lowing day. He was discharged from the hospital able to eat a regular diet but returned 
because of symptoms of partial obstruction found by x-ray study to be due to a kink in 
the jejunal segment just proximal to the stomach. On Dee, 24, 1957, he was operated 
upon, at which time the segment was shortened 8 em. He recovered from this operation, 
returned to school, then went to a camp in the summer of 1958 where he engaged in active 
sports. His first episode of recurrent bleeding was in September, 1958, followed by re- 
peat hemorrhage in October and December. He was hospitalized during these episodes 
and x-ray studies showed questionable varices in the most distal portion of the remaining 
esophagus, corroborated by esophagoscopy. He was operated upon Jan. 12, 1959, at which 
time small varices were seen only in the lower 2 em. of esophagus by a proctoscope passed 
through an opening in the stomach. Three centimeters of the esophagus were resected 
and another esophagojejunostomy performed. In addition, the jejunogastrostomy open- 
ing was enlarged from a diameter of 12 to 30 mm. Recovery from operation was un- 
eventful and he was discharged from the hospital February 3, able to eat a regular diet. 


1956 she was 


Case 19, 8S. R., was found to have splenomegaly in 1954 at age 7. In 
hospitalized following an episode of hematemesis and on recovery, x-ray study disclosed 
varices only in the lower one-third of the esophagus. At a subsequent admission, a sple- 
nectomy and splenorenal shunt were performed. She had no further bleeding until al- 


most 2 years later when she had another episode of hematemesis on May 16, 1958. A 


partial esophagogastrectomy with the interposition of an isolated segment of jejunum was 
performed. She had an uneventful course after operation and was able to eat a regular 
diet. Four months later (Aug. 25, 1958) she had another bout of hematemesis following 
which x-ray study disclosed varices to the level of the azygous vein, and by esophagos- 
copy the varices were seen in addition to a “suture” at the anastomotic site. Shortly 
after this evaluation, she developed complete obstruction at the esophagojejunal anas- 
tomotie site requiring operation for the insertion of a gastrostomy tube Oct. 12, 1958. 
She was operated upon Dec. 18, 1958, at which time complete closure of the jejunum just 
below a dilated esophagus was found along with marked collateral arterial and venous 
circulation from the posterior mediastinum to the anastomotic site. Seven centimeters 
of esophagus lay distal to the inferior pulmonary vein and on inspection of the esophageal 
lumen, enlarged nondistended or bulging veins were seen in the large mucosal folds. 
Seven centimeters of esophagus was resected and another esophagojejunostomy per- 
formed. The postoperative course was complicated only by a right-sided empyema 
(Escherichia coli, beta hemolytic streptococcus, Group A) which developed due to an 
opening made in the right pleura at the time of operation through which blood entered 
from the mediastinum. There was no anastomotic leakage and the loculated empyema 
was treated successfully by repeated aspiration and antibiotic instillation. She was dis- 
charged from the hospital Jan. 24, 1959, able to eat a regular diet. 

No abnormality other than esophageal varices was found at reoperation in Case 10. 
Since the varices were seen only in the distal 2 em. of the esophagus at operation, it was 
elected to resect 3 cm. more rather than remove the middle third of the esophagus. A 
postoperative x-ray study of the esophagus showed no varices. 

In Case 19, possible slow digestion and extrusion of catgut sutures used for the 
esophagojejunostomy led to ulceration and scarring and a marked vascular reaction. 
Since there were large but not distended or bulging veins in the submucosa of the esoph 
agus, it was considered a possibility that bleeding came from the anastomotic site. 
Originally, the esophagus was transected just below the inferior pulmonary vein and the 
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7 em. of esophagus distal to the vein was believed due to the caudad extension of a pre- 
viously obstructed dilated esophagus. In view of the findings, the afore-described opera- 
tion was performed Dec, 18, 1958, rather than resection of the mid-esophagus. <A post- 
operative x-ray study showed no varices. 

Some general comments concerning the patients are pertinent. All are able to eat a 
regular diet and gain weight. The children develop an aversion to milk as manifested 
by the development of lower abdominal crampy pain shortly after drinking it and last- 
ing 15 to 30 minutes. Some have become pain free on drinking milk approximately 6 to 
12 months after operation. The milk sensitivity was not recognized in the first patient 
operated upon in 1952 and he became addicted to Demerol and required a period of time 
for de-addiction. None of the patients has had diarrhea or reflux esophagitis. Gastro- 
intestinal x-rays have demonstrated reflux of barium from the stomach to the interposed 
jejunal segment in all patients, but not to the esophagus even when the length is as 
little as 10 em. 

OPERATIVE PROCEDURE 

Before describing the operative procedure in more detail a brief résumé of 
the historical background of transplanting jejunal segments seems worthwhile. 

The Swiss surgeon, Tavel,”* conceived and performed the operation of in- 
terposing an isolated segment of jejunum 15 em. in length between the anterior 
abdominal wall and the stomach to function as a sphineter mechanism in a 
patient requiring gastrostomy. The direction of peristalsis was toward the 
stomach. The Roux®? operation of interposing an isolated segment of jejunum 
with an isolated vascular pedicle, antethoracically, between the stomach and 
esophagus was based on Tavel’s operation. Roux performed the first stage 
Dee. 7, 1906, and fashioned a 40 to 50 em. length of jejunum by dividing the 
first four proximal jejunal branches from the superior mesenteric artery. He 
carried the segment antecolic out of the abdomen to the sternal notch. The 
distal end of the segment was anastomosed to the anterior wall of the stomach. 
On July 11, 1907, the second’ stage was completed as an end-to-end two-layer 
esophagojejunostomy, but, unfortunately, a small fistula developed. Many at- 
tempts to achieve closure failed and, finally, a skin tube was used to bridge ¢ 
3to4em. gap. The patient was discharged from the hospital Sept. 11, 1911, 
and lived a normal life until 1940 when a direct blow to the anastomotie site 
‘aused a fistula which persisted and he refused further surgery, He died of 
bronechopneumonia in 1948 and was autopsied at the Institute of Pathology in 
Geneva.*® Herzon** reported in 1908 that he had modified Roux’s operation 
and performed it successfully in three stages. Instead of a single jejunal 
artery supplying the arcuate artery of the isolated segment, he maintained 
the continuity of the arcuate artery distally and brought the segment retro- 
colic, through the gastrocolie omentum. The three stages were performed 
successfully between Sept. 10 and Nov. 17, 1907. Kay*® in 1943 successfully 
operated upon 4 dogs in two stages and replaced a portion of the esophagus 
with an intrathoracic isolated segment of jejunum 18 to 24 em. in length hav- 
ing an isolated blood supply, that is, a single branch supplying the arcuate 
artery. The segment lay retrocolic and retrogastric. Yudin*® presented his 
extensive experience with esophageal reconstruction in patients using an ante- 
thoracic isolated jejunal segment according to the Roux-Herzon technique. 
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Rienhoff** replaced the esophagus suecessfully in 5 patients by ligating the 
second, third, and fourth jejunal artery branches, dividing the jejunum 30 to 
40 em. from ligament of Treitz, and then bringing the proximal segment ante- 
or retrocolic into the posterior mediastinum for an esophagojejunostomy. The 
distal jejunum was anastomosed to the proximal segment end-to-side at the 
ligament of Treitz region. Thus the stomach was partially bypassed and the 
direction of peristalsis in the nonisolated segment in the posterior mediastinum 
was cephalad. He was the first to transplant the jejunum successfully in the 
thorax in man. Harrison*® brought an isolated segment of jejunum with an 
isolated vascular pedicle intrathoracically and performed a cervical esophago- 
jejunostomy and abdominal jejunogastrostomy. Three stages were used and 
the operation was performed successfully in 2 patients. Robertson®® per- 
formed a one-stage Roux-Y intrathoracic esophagojejunostomy and placed the 
limb in the anterior mediastinum. The stomach was completely bypassed. 

Shumacker and Battersby’ staged the ligation of the jejunal arteries of the 
segment because of possible bowel necrosis in a long segment when fashioned 
in one stage. 

Allison and DaSilva* reported in 1953 that 89 patients with benign and 
malignant lesions of the stomach and esophagus had been operated upon start- 
ing in 1944 and had had a total gastrectomy or partial esophagogastrectomy. 
The esophagus was replaced with a Roux-Y isoperistaltie jejunal segment in 
the mediastinum, bypassing the stomach if a portion remained. 

Merendino and Dillard** reported in 1955 that they had interposed an 
isolated segment of jejunum between the esophagus and stomach for lesions at 
the esophagogastrie junction, not so much for bridging the gap, but for use as 
a sphincter mechanism to prevent reflux esophagitis. The clinical concept was 
well supported by experimental studies in animals similar to those described 
by Sirak and Clatworthy.®* The first 2 patients were operated upon in two 
stages and all subsequent ones in one stage. In a review” of 33 patients op- 
erated upon from 1952 through March, 1958, for many conditions, predomi- 
nantly peptic esophagitis, the technical aspects of the operation along with an 
excellent follow-up were given. 

All of the operations performed in the second group of patients in this 
series (Table IT) were through a combined left thoracoabdominal incision, 
usually in the seventh or eighth intercostal space. The diaphragm was divided 
and the phrenic nerve severed in all exeept the last patient in whom it was 
preserved except for the loss of the left sternal branch. Portal vein pressures 
were known from previous operations or were determined and ranged between 
280 and 500 mm. H.O,. The esophagus was divided at the level of the inferior 
pulmonary vein and the stomach 5 em. below the cardia. The degree of peri- 
gastric and periesophageal varices varied from slight to very large masses of 
veins 5 by 8 em. in diameter. 

Nineteen of the twenty-one patients were reconstructed with an isolated 
segment of jejunum interposed between the esophagus (end-to-end) and an- 
terior wall of the fundus (end-to-side). Cases 4 and 9 were the exceptions. 
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Case 4 had an exceptionally thick short jejunal mesentery so that the idea of fash- 
ioning an isolated segment was abandoned after two attempts and reconstruction was 
done with an esophagogastrostomy. He has relatively easy reflux from stomach to esophagus 
in certain positions which he avoids but to date has had no symptoms of esophagitis or 
bleeding. Case 9 had a Roux-Y esophagojejunostomy isoperistaltic and a large stoma 
posterior gastrojejunostomy side-to-side between the stomach and transposed jejunal limb. 
This operation was done on the suggestion that the blood supply of the transposed limb 
would be safer, and most, if not all, of the ingested food would enter the stomach. 
sarium study of this patient disclosed that approximately one-half goes through the 
stomach and the other half continues down the small intestine. The child is, however, 
gaining weight and growing and has no diarrhea or dumping syndrome. 

The first 7 patients operated upon with reconstruction with an isolated interposed 
jejunal segment had only one jejunal artery and vein (second, third, or fourth) between 
the superior mesenteric and arcuate vessels (Fig. 2). Thus the arcuate vessels had been 
eut across at both the proximal and distal end of the segment and resulted in an isolated 
vascular pedicle. The change in technique in Case 9 cited previously was instituted in 
order to have a richer arterial blood supply to the limb even though there had been no 
eases of partial or total necrosis. The experience with Case 9 led to the idea that it was 
possible to have an interposed segment without a completely isolated vascular pedicle. 
Starting with Case 10, the operation was performed as follows. The jejunum, approxi- 
mately 15 em. beyond the ligament of Treitz, was divided through bowel, arcuate vessels, 
and mesentery to the superior mesenteric artery and vein usually between the second and 
third jejunal artery and vein (Fig. 3). The distal limb was brought up into the chest 
retrocolic and retrogastric (Fig. 4), to form an end-to-end esophagojejunostomy (Fig. 5). 
The limb was then straightened in a relaxed position between the esophageal anastomosis 
and the anterior wall of the fundus of the stomach following which only the jejunum was 
divided down to the arcuate vessels (Fig. 6). The proximal end of this division was 
then anastomosed to the stomach fashioning as large an opening as possible. The distal 
end of the jejunal division was shortened 2 to 5 em. by removing bowel, taking care not 
to damage the arecute vessels by careful ligation of the terminal branches (Fig. 7). The 
two remaining open ends of jejunum were united in an end-to-end fashion cephalad to the 
lesser curvature of the stomach but allowed to retract and lie posterior to the stomach 
(Fig. 8). Thus, the normal anatomy of the blood supply, both arterial and venous to the 
jejunal segment, was maintained except for the proximal division of the arcuate vessels. 
Sufficient length is available to replace the lower one-third of the esophagus. A review 
of the literature as indicated in the historical review disclosed the fact that the idea 
occurred to Peter Herzon*? in 1907 and was one of his modifications of the original Roux 
operation. 

Because of the associated vagectomy, a drainage procedure should be done and all 
were of the Heineke-Mikulicz type. The patients in Cases 3 and 5 did not have a pyloro- 
plasty at the time of operation and the patient in Case 3 has had no need for it. How- 
ever, the patient in Case 5 required a pyloroplasty at a subsequent operation. All patients 
had tube drainage of the left pleural cavity for 48 to 72 hours. 

Two of the 4 deaths were primarily due to a severe staphylococcal pneumonia com- 
pounded by late leakage from the esophagojejunal anastomosis (Table II). This leakage 
led to discontinuing the use of a nasogastric tube and the insertion of a gastrostomy tube 


which has worked quite satisfactorily. 


DISCUSSION 


At present, the nonemergency treatment of patients with portal hyperten- 
sion and recurrent bleeding from esophageal varices is, and should be, a porta- 
caval shunt. It is the most physiologie and effective way by which the portal 
hypertension is relieved and varix hemorrhage stopped. <A portal vein-to-vena 
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cava shunt is the most effective and is applicable to patients with intrahepati- 
block. Splenorenal shunt is the one of election in those with extrahepatic 
block and, other things being equal, a shunt diameter of at least 10 mm. is as- 
sociated with no subsequent bleeding in about 70 per cent of the patients. ' 
Smaller sized shunts and particularly those created with other veins in this 
group of patients are most often followed by further varix bleeding. In this 
connection, a splenectomy should not be performed in patients with extra- 
hepatic block unless there is a simple splenic vein obstruction or one is pre- 
pared to earry out a splenorenal shunt if technically possible, provided the 
vein is of sufficient size. The chances of protecting a patient from further 
bleeding with a splenorenal shunt after previous splenectomy are about 50 
per cent."* 

There are a significant number of patients who for one or more reasons 
cannot have a portal vein-to-vena cava or splenorenal shunt performed, and 
if they do have one it closes by thrombosis. The majority of these patients 
have an extrahepatic portal vein block. In this group, the operation of prox- 
imal end of divided vena cava-to-side of superior mesenteri¢ vein shunt pro- 
posed by Clatworthy, Wall, and Watman** is particularly applicable. There 
are several reservations in regard to the long-range effects of vena cava divi- 
sion particularly in children, but, in spite of these, the operation deserves an 
extensive clinical evaluation. There will still be a group of patients whose 
varix bleeding is not controlled by any type of shunt because of mechanieal 
factors or subsequent thrombosis. These will have to be treated with another 
operative procedure designed to remove the varices rather than by an opera- 
tion which decreases the amount of blood flowing directly from the portal bed 
to the esophageal varices. 

It is well known that venous drainage from the lower two-thirds of the 
esophagus is into the azygous veins and that in portal hypertension, there is 
not only a considerable volume of blood coursing from the portal bed to the 
varices but also a larger volume than normal entering the azygous system 
from the ascending lumbar and intercostal veins. The enlarged intercostal 
and azygous veins are readily noted during an operation in the thoracic cavity 
of a patient with portal hypertension. Therefore, even though one ablates all 
or a portion of the direct communication between the portal bed and the 
esophageal varices, a more efficient emptying of the varices does not necessar- 
ily result, as may be seen radiographically from the failure of the veins in the 
distal esophagus to collapse in the majority of patients. The persistence of 
large varices in this instance is interpreted as poor esophageal vein drainage 
into an overloaded azygous system. 

It is perhaps understandable, therefore, that partial or total gastrectomy 
is not a physiologic operation unless one adheres to the thesis that acid-peptic 
erosion causes varix bleeding. Admittedly the operation of almost total gas- 
trectomy performed in our series did leave a 2 em. cuff of gastric mucosa con- 
taining parietal cells, but it is difficult to believe that a significant amount of 
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acid would be formed which was not neutralized by bile, pancreatic, and duo- 
denal juice. The interpretation of the failure of almost total gastrectomy to 
prevent recurrent bleeding in 5 of the 7 patients is the persistence of varices 
rather than the residual gastric mucosa producing acid-peptie erosion of the 
varices. 

In view of the evidence presented, it is not apparent how the operation of 
gastric bisection can be considered physiologic or could be more effective than 
almost total gastrectomy in a large series of patients. It would appear that 
any operation designed for permanent cure should remove all of the varices or 
at least those in the lower one-third of the esophagus with possible resultant 
decrease in size in any remaining varices in the mid-esophagus. 

The operation of transesophageal ligation of varices has not proved to be an 
effeetive definitive procedure for patients with extrahepatie block in our own 
experience and that of others.*) ** ** It is, however, suggested as an operation 
for temporary control or amelioration of frequent hemorrhages in children 
under the age of 7 or 8 with an intact spleen where the splenie vein is con- 
sidered or proved by x-ray study to be too small for a splenorenal shunt. 

Excision of the esophageal varices is believed to be the most effective 
operation for permanent cure. The question remains to be answered as to 
whether all of the varices should be removed initially as in subtotal esophagec- 
tomy. In our experience, esophageal varices are most commonly seen only in 
the lower one-third of the esophagus of the majority of patients by x-ray and 
in some are documented only by esophagoseopy or portal venography. Vari- 
ces in the distal two-thirds of the esophagus are not as common. 

Two of the 3 patients in the first group subjected to lower one-third 
esophagectomy had all of the varices excised, and the third patient, J. J., had 
residual varices demonstrated radiographically to the level of the azygous 
vein postoperatively. However, none of the 3 had subsequent bleeding. 

Three of the 17 survivors in the second group had residual varices, 2 (D. 
N., Case 12, and S. R., Case 19) shown by x-ray and the third (R. S., Case 10), 
proved at operation. Patient D. N. has had no bleeding to date in a 14-month 
follow-up period although there are small varices which extend to the level of 
the azygous vein. X-ray study of the esophagus shows that Patients R. S. and 
S. R. have no varices remaining and the interpretation in the case of S. R. is 
that the remaining varices in the mid-esophagus collapsed following the last 
operation. 

It is appreciated that the majority of the 17 surviving patients in the seec- 
ond group were operated upon in the past 2 years, which is a very short 
period of follow-up. However, except for Patient D. N. cited previously, all 
the other patients are believed to have had their varices removed so that no 
further bleeding is expected. Should subsequent bleeding occur in Patient 
D. N. or others, and it is documented that the source is varices, a higher re- 
section of the esophagus is indicated. 

The operation of subtotal esophagectomy as an initial procedure, proposed 
by Cooley and De Bakey* was carried out successfully in 2 patients who had 
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large varices in the lower and middle thirds of the esophagus. It is possibl. 
that further bleeding would have occurred if these patients had had a lowe: 
third esophagectomy only. However, because lower one-third esophagectomy 
may be followed by collapse of residual varices in the mid-third as noted in 6 
of the patients in Group II and because of an expected higher mortality asso- 
ciated with subtotal esophagectomy, it is believed that the operation of partial 
esophagogastrectomy, as described, should be performed first. 

Based on the experience of others and our own, the following plan of 
treatment has evolved for the nonemergeney definite treatment of patients 
with portal hypertension and recurrent bleeding from esophageal varices: 
(1) a portaeaval shunt of some type, (2) transesophageal ligation of varices 
for children under the age of 7 or 8 years who have frequent episodes of he- 
matemesis and have an intact spleen where the splenie vein is as yet too small 
for a shunt and no other shunt was possible or successful, and a splenorenal 
shunt attempted at a later date, (3) partial esophagogastrectomy with inter- 
position of a jejunal segment for patients who are ‘‘shunt failures’’ or cannot 
have a shunt, and (4) resection of the mid-esophagus for those patients who 
have bleeding from residual varices after lower one-third esophagectomy. 


SUMMARY 


The experience over a period of 10 years with almost total gastrectomy 
and partial esophagogastrectomy in a total of 28 patients with portal hyper- 
tension and bleeding varices has been presented. The results achieved in 22 
survivors have been analyzed. The present plan of management has been out- 
lined. 

I am indebted to Drs. Arthur H. Blakemore and George H. Humphreys II, for ad- 
vice, encouragement, and guidance. All of the shunts listed in the tables were performed 


by or under the supervision of Dr. Blakemore. 
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DISCUSSION 

DR. IVAN D. BARONOFSKY (New York, N. Y.).—I asked Dr. Habif whether a truly 
total gastrectomy was performed in these original cases. I am not proposing that total gas- 
trectomy is good or bad for this disease. Remember, in those days when we were argu- 
ing about whether acid was even a factor, the only thing we could think of was removal 
of the entire acid factor. The one thing Dr. Habif told me was that he left a little 
smidgeon of stomach. I argued with him that this was not a total gastrectomy, and in 
portal hypertension the bleeding ulcer diathesis is greatly enhanced by the presence of 
the portal hypertension. The portacaval shunts, in effect, are the portal hypertension in 
the human. As long ago as 1953, we were firmly convinced that the acid factor was im- 
portant. 

(Slide.) Here are some histologic sections of esophageal mucosa in a patient with 
varices showing an acute ulcer located above, and a varix below. What we think happens 
is that this erodes into this dilated varix. 

(Slide.) The same thing again shows the tremendously dilated varix and the 
eroded mucosa above it. I think that this is pretty well shown and pretty well agreed 
upon by many people. You must do a total gastrectomy if you are going to prove or 
disprove the operation. 

(Slide.) To show you how important a total gastrectomy is, this is a copy of one 
of our original pictures in the thesis that 1 wrote in 1948, It shows how much stomach 
was removed. This is the remaining stomach in the dog. You are looking right into a 
side incision in the dog. The esophagus begins right here. So you can see how exten- 
sive a gastrectomy was done. 

(Slide.) In spite of the extensive gastrectomy, look at this uleer with just this 
much stomach remaining. It shows that the uleer diaphasis was greatly increased by 
portal hypertension and, as a matter of faet, | quote from the conclusion in that paper, 
“Extensive gastric resection offers real but not absolute protection against the histamine 
provoked ulcer in the presence of portal hypertension.” In regard to the interposition 
operation, that Dr. Habif definitely demonstrates something that we have learned the last 
few vears; that is, one, if a sphincter mechanism is interposed between the stomach and 
the esophagus, regurgitation of acid will not occur and therefore there is no chance of 
acid eroding the esophageal varices; two, he is especially separating the portal and the 
systemic circulation by interposing a piece of jejunum. I might suggest to Dr. Habif 
that instead of resecting any portion of the esophagus or the stomach, he merely inter- 
pose this jejunum and prevent acid from eroding the esophageal varices. The acid factor 
is important in bleeding esophageal varices and this is not only our contention but the 
contentions of others also. 


DR. BERNARD ZIMMERMANN (Minneapolis, Minn.).—Dr. Habif has emphasized 
very well the serious problem facing us in shunt failures and situations in which shunts 
cannot be performed. Drs. Varco and Leven pointed out how successful the use of the 
jejunum ean be in the reconstruction of the esophagus following emergency treatment of 
tracheoesophageal fistula in cases in which esophageal anastomosis could not be done. 
Such a procedure has been carried in a large series and followed for many years. Now 
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this suggested that total removal of the thoracic esophagus could be employed in situ: 
tions uch as Dr. Habif described and an antethoracic jejunal loop substituted. In tli 
University of Minnesota Hospitals there have been 5 cases of esophageal resection fo: 
varices. Two involved the lower esophagus and a procedure very similar to Dr. Habif’s 
was done. In 3, the entire thoracic esophagus was resected, the cervical esophagus 
brought out to the chest wall, and, in a number of stages, a subcutaneous jejunal loop 
constructed to lead from the cervical esophagus to the antral remnant of the stomach. 
With the thoracic esophagus gone it is hard to imagine that there would be recurrent 
varices, but if new portosystemic communications did occur in the region of the anas- 
tomosis to the cervical esophagus, their subcutaneous position would render them readily 
available to an emergency approach. 


DR. K. ALVIN MERENDINO (Seattle, Wash.).—We have used the interposition 
operation on approximately 35 cases with various diseases of the lower end of the esoph- 
agus and we have also utilized this for certain patients with esophageal varices of the 
extrahepatic type. In addition we have used this operation as an emergency procedure 
for bleeding esophageal varices of the intrahepatic type. This I would not advise. I 
wish to emphasize the tremendous effort that Dr. Habif has put into this series of pa- 
tients. I am sure most of you recognize the arduous effort involved in these patients who 
have had several antecedant unsuccessful operations. I would like to emphasize this by a 
recent incident that happened to me. This particular patient had 5 previous operations 
for extrahepatic portal bed block beginning with a splenorenal anastomosis which was 
unsuccessful, possibly due to a massive infection in the left upper quadrant. This was 
followed by the eventual drainage of the abscess, and visceration through the mid-line 
incision which had a T extension in the left upper abdomen, and complicated then by 
left pleural empyema which was drained. Seven months after the initial day of hos- 
pitalization, this patient was discharged—not too well—but because of subsequent mas- 
sive hemorrhages he was exposed to a portacaval anastomosis which was unsuccessful. 


At this time, he was sent to me. The operation began at 8 o’clock in the morning. It 


took 3% hours to make the incision. This was occasioned by a propensity on my part 
to manufacture holes in the intestinal tract and my unfamiliarity with the use of the 


Wood chisel to separate the stomach from the pancreas and many structures against the 
the left 


underside of the diaphragm which I had never been taught normally oceupie 


upper quadrant. To make a long story short, we were not too happy with what we had 
23 units of blood later. It 


done but we finished at 1 A.M. the following morning and 2 
just so happened that my patient was convalescing in the hospital one Sunday morning 
and an orderly was mopping the floor. This particular orderly happened to work at the 
Veterans’ Hospital and worked on Saturdays and Sundays at this particular hospital for 
supplementation of income where my patient was hospitalized. To make conversation, 
the orderly was telling my patient about an interesting cperation that had been per- 
formed at the Veterans’ Hospital about a week before where this man had ‘‘ varicose veins 
of the gullet” and the surgeon had taken a part of the intestine and put it up into the 
chest between the “gullet” and stomach. It had taken 11 hours!! My patient, bless his 
heart, raised up on one elbow and casually, as was his manner, said, “That’s nothing. 
We have a doctor in this hospital who can do the same operation in 17 hours.” Again, | 
want to emphasize the tremendous effort that has gone into this study. This is an ex- 
ceedingly important series of patients and I hope that this effort will be rewarded before 


too very long with an additional progress report to this Society. 


DR. PETROV (Moscow, Russia).—We came to the American Surgeons as friends to 
become acquainted with your work and to share our experience with you. I would like 
to say on the subject of the talk of Dr. Habif that his work on the resection of the 
esophagus and stomach is extremely interesting, but I am afraid that this will produce 


peptic ulcers in the anastomosed jejunum. Therefore it may well be wiser to resect the 
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eutire stomach and a portion of the esophagus, particularly since at present the operation 
for the intestinal substitution of the esophagus has been extremely well worked out. We 
have, in our Clinic, 90 cases of retrosternal artificial esophagus. 

Fifty-five of those 90 were of the small intestine and now the technique of using 


the large intestine has been well worked out, particularly using the right colon. Then 
This permits the transposition of the 


you need divide only the single ileocolic artery. 
cecum and the ileum right to the neck and I, therefore, think that it is quite possible in 
this extremely difficult problem the next step may be the total substitution of the esophagus 
and the stomach by the intestine. We have a total experience of more than 700 sub- 
cutaneous esophageal reconstructions from the intestine. Those are all as a result, most 
of them, for caustic cicatrization of the esophagus. This small series is just a recent 


experience. 


DR. HABIF (closing).—I want to address myself first to Dr. Petrov. We appreciate 
his giving us the recent figures on partial esophagectomy with jejunal replacement for 
stricture and carcinoma from his hospital in Moscow where the pioneer work of Yudin 
is well known and is cited in the text of the paper. I would agree that the replacement 
of the esophagus with the right colon may have the several advantages of technical ease 
and safety of blood supply. Many surgeons have reported on this in the United States. 
The blood supply of the interposed jejunal segment has been better maintained by pre- 
serving the arcuate vessels distally as shown in the drawings, and to date there has been 
no instance of partial or complete vascular necrosis. Dr. Petrov’s fear of the formation 
of a jejunal uleer when a portion of the stomach remains has also not been borne out in 
our experience or that of Merendino which embraces more than a 6-year period. It must 
be remembered that these patients have a vagectomy and pyloroplasty which serves to 
decrease gastric acid. Dr. George H. Humphreys II has a patient with a segment of 
jejunum between the end of the esophagus in the neck and the side of the stomach in the 
abdomen who has lived for 13 years without forming a jejunal ulcer. 

In regard to Dr. Baronofsky’s remarks, I believe there is sufficient evidence to jus- 
tify our discontinuing the operation of almost total or total gastrectomy. If we accept 
the thesis that acid-peptic mucosal erosion is the main cause of bleeding varices, we 
should be able to achieve a cure for these patients without an operation of this magni- 
tude. The Phemister procedure with the addition of an interposed jejunal segment ap- 
pears to have all the desirable advantages including prevention of reflux of acid-peptic 
juice into the mid-esophagus. 

I agree with Dr. Zimmerman that subtotal esophagectomy wherein all the varices 
are removed should cure all of the patients. However, I believe at this time that it 
would be associated with a higher mortality rate and be unnecessary in some. It should 
be reserved for those who are not cured by lower one-third esophagectomy. 

I appreciate Dr. Merendino’s remarks very much. His pioneer work and outstanding 
contributions to the field of reflux esophagitis are well known. The operations reported 
in the text do require a period of 6 to 12 hours because of the marked collateral circula- 
tion and usually many vascular adhesions from previous multiple abdominal operations. 
As he points out, the procedure should be carried out only by election and not on an 
emergency basis. The operation is indicated in our opinion only when the patient can- 
not have any shunt which would decompress the portal bed and stop recurring bleeding 
from varices. Long-term follow-up reports are needed from all surgeons interested in 
this field so that the results may be evaluated and a decision reached as to precisely the 
proper operation to cure these patients. 
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HK role of host factors in malignant disease has long attraeted wide interest. 

In recent years emphasis has again been concentrated upon immunologic 
factors. Much of the work until very recently has been earried out in experi- 
mental animals. The voluminous literature which has accumulated has been 
the subject of a number of excellent reviews among which those of Hauschka,” 
Snell,*® and Gorer'® present three distinctive viewpoints. 

Much has been learned of the genetic and immunologic factors involved 
in transplant rejection. Abrogation of the immune mechanism may accelerate 
the appearance, growth, and metastasis of malignant tumor. Reports by Buin- 
askas and associates,> Moore and co-workers,** Zeidman,** Rubin,*® and Pom- 
eroy*? are but a few which consider this aspect of the problem. Likewise, 
variable degrees of resistance against transplantable tumors in animals may 
be obtained by active and passive immunization procedures. 

At the clinical level, there is both direct and indirect evidence that host 
resistance plays a role in malignant disease. Perhaps the most striking ex- 
amples are those eases of authenticated spontaneous regressions of malignant 
tumors.'* #7?) 3° More frequent, though no less enigmatic, are the reported cases 
of sudden development of widespread disease many years following removal of 
a primary tumor.?® 

Particularly intriguing are some of the studies concerning tumor cells in the 


operative wounds and blood of cancer patients. Several investigators have dem- 


), 33, 34, 44 


onstrated eanecer cells in the blood of patients with malignant tumors." 
While such cells are most frequently found in blood from regional veins drain- 
ing the tumor they are occasionally seen in the peripheral blood. <A disconcert- 
ing fact is that such cells may be seen in the blood of patients with clinically 
favorable disease. The fallibility of attaching prognostic significance to the 
presence of such cells is emphasized by a recent study by Engell.’? He presented 
a 5- to 9-year follow-up of 125 patients who underwent surgery for malignant 
disease. All patients were investigated for the presence of tumor cells in venous 
blood. The majority of tumors were of the gastrointestinal tract. He found 
that of his 5-year survivors, 51 per cent had tumor cells demonstrated in blood 
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at time of surgery. Smith*’ likewise was unable to establish a positive correla- 
tion between the presence of tumor cells in operative wound washings of pa- 
tients undergoing surgery for head and neck tumors and local recurrence of the 
disease. 

These findings offer indirect evidence that the cancer patient is capable of 
controlling or destroying some of his own tumor cells. More direct evidence is 
found in tumor autotransplantation studies of patients with malignant dis- 
ease.2° It was found that patients with far-advaneed disease showed a low 
incidence of ‘‘takes’’ when autografted with their own tumor. Subsequently, 
tumor cells were propagated in tissue culture (usually for only one or two 
tissue culture passages) and these cells were reimplanted subcutaneously into 
the original donor patient.*! Even though these patients all had far-advaneced 
disease, the incidence of successful ‘‘takes’’ in this study was very low. 

Thus the existence of host defense factors in human cancer appears un- 
doubted. The studies presented in this paper were motivated by a desire to 
learn something of the nature of these defense factors. 


ANTIGEN STUDIES 


If one postulates that host defense factors include immunologic responses 
of the patient to his tumor, then one must, according to accepted immunologic 
concepts, postulate an antigenic stimulus specific to the tumor eell. While this 
problem has been studied by numerous investigators, direct evidence has been 
difficult to obtain until recently and so the conclusion that an antigenic differ- 
ence exists has been hotly disputed. 

The study of human tumor antigens has involved primarily serologic meth- 
ods in which sera of animals immunized with various tumor components or 
preparations are checked for specifie reactivity with extracts of tumor and 
normal tissue preparations. 

Early reports by Witebsky®°? are representative of the pioneer work in 
this field. Working with alcohol extracts of malignant and normal tissue, he 
found that sera of rabbits immunized with tumor preparations would give posi- 
tive complement fixation reactions with tumor extracts but not with normal 
tissue extracts. However, it was discovered that, when the tumor antisera were 
absorbed with erythrocyte extracts, the tumor reactivity was removed. More 
recently, comparison of antisera prepared against normal and malignant thyroid 
tissue showed differences in complement fixation titers, but attempts to remove 
normal thyroid antibodies from the tumor antisera failed.** Rapport and as- 
sociates*®-*2 have employed complement fixation extensively in studies of tumor 
antigens. Other immunologic methods employing antisera as a reagent for 
tumor antigen assay include the precipitin reaction and agar gel diffusion,’® > *° 
hemagglutination techniques,* '* cyto-immune reactions,” * *® in vivo protec- 
tion? 17 and labeled antibody techniques.* 8 

The use of heterologous antisera for antigenic assay has well-recognized 
limitations. It should be emphasized that a vast difference exists in the pattern 
of antibody response produced by injecting a single, purified potent antigen 
into animals and that produced by injecting a complex mixture of antigens such 
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as is found in erude tissue extracts. The antigen competition for antibod) 
forming sites produces variable and unpredictable antibody responses. Further- 
more, there is marked variation in the response of individual animals to even a 
single antigen. Thus one has no assurance that antibody directed against a 
minor antigenic component in a mixture will be produced in sufficient quantity 
to appear in the serum. Kabat and co-workers** pointed out that in some species 
active immunization may result in as much as a million-fold variation in the 
antibody response of individual animals. 

There are also limitations of the in vitro methods for antibody determina- 
tions, even if one succeeds in producing cireulating antibody against a minor 
antigen. For example, use of the precipitin reaction requires antigenic solu- 
bility. Suecessful use of the tanned red cell hemagglutination technique pre- 
supposes that the desired antigen in the mixture will attach itself to the tanned 
red cell and, while this system works beautifully with single antigens, one 
cannot assume that all antigens in a mixture are regularly fixed to the tanned 
eells. Similarly, the anticomplementary activity frequently observed in ab- 
sorbed antisera seriously impairs interpretation of the complement fixation test 
unless such activity ean be completely removed. Thus, while such eclassieal im- 
munologie techniques occupy important roles in immunologic studies of tumors, 
one must recognize their limitations. Attempts to assign relative importance 
to each method is a futile pastime since this depends upon the nature of the 
materials employed and the objectives of the individual investigator. 

Tumor specific antigens, if such exist, would be expected to constitute 
minor components of a large mixture of normal tissue antigens. Thus, a system 
designed to demonstrate such minor antigens must be not only highly sensitive 
but offer a method for differentiating normal from tumor antigens. The studies 
deseribed here utilized the in vitro anaphylactic system originally described 
by Sehultz** and Dale® and commonly referred to as the Sehultz-Dale reaction. 
This reaction consists of contraction of smooth muscle from an antigenically 
sensitized animal on re-exposure of that muscle in vitro to the sensitizing anti- 
gen. Kabat and associates,?* by eareful quantitative studies, showed that the 
sensitivity of the guinea pig anaphylactic system far exceeds that of the stand- 
ard in vitro serologie tests. This system as employed here appeared to offer 
a method for differentiation of minor antigens. 

The general principle involves sensitization of guinea pigs to extracts of 
tumor and desensitization of smooth muscle from these animals in vitro to ex- 
tracts of normal tissue from the same organ of the same patient from which the 
tumor was obtained. After complete desensitization to the normal tissue, the 
muscle is challenged with the original tumor extract to test for residual sensitiza- 
tion which was not removed by the normal tissue extract. If residual sensitivity 
to the tumor remains after desensitization to the normal tissue extract, this 
indicates an antigenic differential between the normal and malignant extracts. 

This system possesses the additional advantage that antibodies other than 
the conventional circulating, bivalent variety may be detected. Fink and co- 
workers’? immunized mice with lyophilized homologous tumor in Freund’s 
adjuvant. They were able to demonstrate antibodies against the tumor by the 
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Schultz-Dale reaction as well as by resistance to subsequent tumor inoculation 
but failed to demonstrate antibodies in the serum by precipitin, complement 
fixation, or hemagglutination techniques. In the latter, they used both tanned 
and untreated red cells. These findings may be due to quantities of antibody 
too small for detection by the latter methods or due to noneireulating, sessile 
antibodies fixed to the cells. The relationship of cellular antibody to delayed 
or tubereulin-type hypersensitivity is well known.?* 


METHOD 


Specimens of malignant tumors and normal tissues were usually obtained at time of 
operation. Occasionally specimens were obtained at autopsies performed shortly after death. 
The normal tissue was obtained from the organ involved with tumor but from an area remote 
from the tumor. The normal tissues were grossly and histologically free of tumor. The 
tissue extracts either were prepared immediately or the specimens were stored at —20° C. 
Necrotie or infected tumor was not used. 

The following procedure was used for preparation of both normal and tumor extracts. 
A 20 per cent fine tissue mince suspension in cold 0.9 per cent NaCl solution was made. This 
suspension was homogenized in a Servall Omni-Mixer operating at top speed for 20 minutes. 
The metal container was immersed in an ice bath during this procedure. The homogenate 
was then centrifuged at 3,000 x G for 20 minutes at 0° C. The supernatants were collected 
and they constituted the extracts for the subsequent studies. They were stored at —20° C. 
until used. Protein determinations by the Biuret method were done on each extract. Volumes 
were adjusted to equal concentrations of protein in the normal and tumor extracts. Origi- 
nally, nitrogen determinations were carried out. However, since one does not know the 
nature of the antigens under investigation, comparison of nitrogen content seemed to have 
no advantage over the one chosen. 

For sensitization, young, virginal guinea pigs were injected subcutaneously with 0.5 
ml. of the tumor extract incorporated in an equal volume of Fruend’s adjuvant. In some 
of the earlier studies adjuvant was not employed. Two injection sites on the back were 
ordinarily used. Usually 3 guinea pigs were sensitized with the same tumor extract. About 
4 weeks later, a guinea pig was sacrificed and the uterine horns were removed. At the same 
time uterine horns from a normal guinea pig of comparable age were obtained. The normal 
guinea pig muscle was used to check the extracts for nonspecific effects. If an extract 
produced contractions of normal muscle it was discarded. A strip of sensitized uterine 
muscle was mounted in a Schultz-Dale bath with a capacity of 6.0 ml. It was attached to 
the recording arm of a kymograph. The bath was maintained at a temperature of 28° C. 
and a 95 per cent oxygen-5 per cent carbon dioxide mixture was bubbled slowly through 
the bath. Originally Tyrode’s solution was used as the bath solution. We now use Van 
Dyke-Hastings solution. The pH is maintained at about 7.2. A pH indicator dye is 
incorporated into the bath solution. 

The muscle was allowed to stabilize in the bath. This usually required 30 minutes to 
one hour. (Occasionally a muscle strip failed to stabilize and was discarded.) The ap- 
propriate normal tissue extract (0.1 ml.) was added to the bath. If the guinea pig was 
adequately sensitized, this resulted in a shock contraction. The muscle was washed, allowed 
to relax, and rechallenged with 0.5 ml. of normal extract. The normal extract was allowed 
to remain in contact with the muscle until relaxation occurred. This often required 15 to 
20 minutes. Following washing the muscle was rechallenged with 0.5 ml. of normal extract. 
If the previous challenge achieved desensitization, no contraction occurred. If desensitiza- 
tion was incomplete, another contraction occurred, The desensitization procedure was then 
repeated until no contraction occurred with two consecutive challenges with 0.5 ml. of 
normal tissues extract. At this point, the muscle was washed and challenged with 10 meg. 
of histamine in 0.1 ml. solution to check the ability of the muscle to respond. It was washed 
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and once more challenged with normal extract to insure that desensitization remained con 
plete. If desensitization was complete, the muscle was challenged with 0.1 ml. of tum 
extract. A contraction which occurred within 45 seconds and reached a height of 50 p 
cent or more of the contraction produced with the histamine challenge was considered 
positive reaction. A positive reaction indicated an antigenic differential between the norma! 
and tumor tissue under study. 


RESULTS 


To date, 21 tumors and their corresponding normal tissues have been 
sereened in this system. Table I shows the distribution of the type of tumors 
sampled. Most of the cases were gastrointestinal tumors. 


TABLE I. TuMorRS STUDIED BY SCHULTZ-DALE METHOD 


NUMBER TUMOR CONTROL TISSUE 
14 Colon carcinoma Normal colon 
4 Gastric carcinoma Normal stomach 
I Wilm’s tumor Normal kidney 
1 Malignant melanoma Normal skin 
] Rhabdomyosarcoma Normal muscle 














Table II summarizes the distribution of the tumors with which a positive 
reaction was obtained. It will be noted that, of 21 cases involving 5 sites or 
tumor types, 13 gave strongly positive Schultz-Dale reactions. All of the posi- 
tive findings were repeated at least once with a fresh guinea pig and some two 
or more times. 


TABLE II. TuMoRS EXHIBITING ANTIGENIC DIFFERENCES 





NUMBER TUMOR | © CONTROL 











9 Colon carcinoma Normal colon 

2 Gastrie carcinoma Normal stomach 
] Wilm’s tumor Normal kidney 
1 Malignant melanoma Normal skin 








DISCUSSION 


Most of the studies were carried out on gastrointestinal tumors beeause of 
the ease with which normal tissue from the same organ could be obtained. Oc- 
easionally, a positive reaction was obtained with uterine muscle from one animal 
and a negative reaction with uterine muscle from a second animal injected 
with the same material. This emphasizes the variability inherent in this type 
of biologie system. When even a relatively pure antigen, such as crystalline 
ege albumin, was used for sensitization there was a marked variation in the 
responsiveness of different smooth muscle strips from the same animal.'* One 
may even encounter dissimilarity in reactivity when using different portions of 
the same muscle.** We also observed rather marked differences in degrees of 
sensitivity as reflected by the ease with which desensitization could be effected. 
In some instances, no reaction was observed with either normal or tumor ex- 
tracts. In such eases we concluded that no sensitization had occurred. 

The role of antigen competition in sensitization reactions is not well under 
stood. However, it appears logical that when complex antigenic mixtures are 
injected, one might expect minor components to fail to sensitize much as one 
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may fail to find circulating antibodies against such components when producing 
antisera. This may explain some of the observed variations as well as some of 
the negative results. 

Certainly one must exercise caution in interpreting the positive reactions. 
It seems safe to conclude that they represent antigenic differences between the 
normal and tumor tissue extracts. The type of antigenic difference still remains 
obseure. The desensitization procedures would correspond to absorption proce- 
dures used with antisera employed in serologic tests. The critical point in such 
absorptions is to assure an antigen excess to completely exhaust the correspond- 
ing antibodies. It is only then that one ean assume specificity of the remain- 
ing antibodies. Our desensitization procedures appear adequate in this regard. 
Thus, if one ean assume specificity after absorption of antisera with tissue ex- 
tracts, the same should hold true here. 

The source of the normal tissue perhaps deserves brief discussion. Zilber*® 
has investigated human tumor antigens extensively employing the in vivo ana- 
phylaetic system. Intact guinea pigs, which have been sensitized to various 
tumor extracts, are desensitized by repeated intravenous injections of normal 
tissue extracts. The original tumor preparation is then injected and the animal 
is observed for clinical signs of anaphylaxis. The principle of these studies is 
the same as ours. Our procedures are carried out in vitro since we feel that 
objectively recording muscle contractions is easier than evaluating clinical signs 
of anaphylaxis in the intact animal. However, most of Zilber’s studies em- 
ployed normal tissue from another person of the same major blood group type. 
Makari, using the Schultz-Dale system, has reported finding circulating tumor 
specific antigens in the blood of cancer patients.** *° This was confirmed by 
Burrows in a large series of eases.° This has led Makari to ask whether normal 
tissue from another healthy person is not a better material for desensitization 
than histologically normal tissue from the cancer patient whose tumor is being 
studied, the assumption being that blood-borne antigens could be present in the 
histologically normal tissue from the eaneer patient. This certainly is a point 
for consideration. However, it is a well-established fact that with the exception 
of identical twins, there are antigenic differences between comparable tissues of 
different persons. It is this problem which poses the formidable barrier to 
suecessful homografting of skin and organs in humans. Therefore, when one 
utilizes a sensitive system such as the Schultz-Dale system to seareh for subtle 
antigenic differences between malignant and normal tissue, the introduction of 
unknown histoincompatibility factors between the tumor and normal tissue 
seriously impairs the interpretation of results. It should be stressed that a 
negative reaction does not necessarily exclude antigenic differences between the 
tissues compared. It means merely that such differences could not be elicited 
under the test conditions employed. However, introduction of known antigenic 
differences into the test system opens the significance of the positive reactions 
to question. 

The nature of the tumor antigens responsible for the antigenic difference 
between the malignant and normal tissue is still a debatable point. Makari?® 
coneludes they are polysaccharides; Burrows’ reports they are polypeptide in 
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nature; Zilber®® believes they are nucleoproteins. Bjorklund® has isolated an 
antigenic component which appears to be a phospholipid-protein complex. Rap- 
port** 4° has investigated the problem of cancer-specific lipids extensively and 
has isolated a lipid hapten which he termed ‘‘eytolipin H.’’ Kosaki and as- 
sociates”® recently reported finding a cancer-specific phospholipid whieh he 
termed ‘‘malignolipin.’’ 

The question thus appears complex. It is possible that the eventual answer 
will reveal a mosaic encompassing many, if not all, of the findings discussed. 
One is not necessarily exclusive of another. Our own characterization studies 
are still in progress and will be the subject of a separate report. We can state 
only that certain nonprotein fractions appear to be active. 


SUMMARY 
1. Host defense factors are important in human malignant disease. 
2. There is evidence that immunologic responses of the patient to his own 
tumor are involved in these defenses. 


3. An in vitro anaphylactic system (Schultz-Dale) was used to investigate 


e 


antigenic differences between tumor and normal tissue from the same patient. 


4. In 13 of 21 tumors studied such differences were demonstrated. 
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DISCUSSION 


DR. JOHN M. HOWARD (Philadelphia, Pa.).—Working independently, we too, hav 
been trying to reimplant malignant tissue into the same patient, studying the patient with 
far-advanced malignancies. Our limited experience also demonstrates the low incidence ot 
‘*takes’’ when either trypsinized separated cells or minced tissue is reimplanted into thie 
subeutaneous tissues. Since this offers an excellent potential for studying the conditions 
under which tumor will take (and therefore conditions under which tumor will not take 
perhaps we ought to reappraise the area into which the tumor is inoculated. Clinical 


experience would indicate that very few accidental implants occur in the subcutaneous tissue. 


DR. GRACE (closing).—I certainly agree with Dr. Howard that the site of tumor cell 
implantation is important. There is a large body of experimental data concerning trans 
plantable animal tumors which emphasizes the importance of both the site of implantation 
and the size of the tumor cell challenge dose. Of course, extrapolation of such data to 
spontaneous tumors in humans is fraught with danger. These factors need more study. 

I can add nothing more about our studies presented here except that we have hardly 
scratched the surface and much additional information is needed before its final significance 


ean be evaluated. 





SURGICAL SEPSIS: IMPRESSIONS AND FACTS 
BENJAMIN A. Barnes, M.D. (By Invirration), GLENN E. BEHRINGER, M.D. 
(By Invitation), FRANK C. WHEELOCK, JR., M.D. (By Invitation), 
AND EARLE W. WILKINS, JR., M.D. (By Invitation), Boston, Mass. 


(From the Departments of Surgery, Harvard Medical School and Massachusetts General 
Hospital) 


HERE is a rumor abroad that postoperative sepsis is on the inerease and 

that the widespread use of antibioties is to blame. Convincing evaluations 
of this problem for the surgeon are rare although general reviews, editorials, 
and medical articles on this topic have appeared.* * * 8 13-15 23, 24, 28, 34, 35, 41 
These present the problem of hospital sepsis emphasizing the role of the 
Staphylococcus and the use of antibiotics and collectively demonstrate that the 
wary clinical investigator may well find it difficult to separate the effects on the 
incidence of sepsis of such factors as host susceptibility, heightened bacterial 
virulence, or laxity in aseptic technique and in barrier nursing procedures. 
At the Massachusetts General Hospital the surgical staff has shared the im- 
pression that postoperative sepsis is more common than formerly, and many 
had believed that this increase in septic complications appeared in cases previ- 
ously expected to heal uneventfully. Faets are necessary to check these im- 
pressions, and a retrospective study has been completed reviewing 9,447 records 
of inguinal herniorrhaphies and abdominal hystereectomies over a 21-year period. 
This report presents certain results of the investigation and is preceded by a 
discussion of some concepts and problems that emerged in the clinical study of 
postoperative sepsis in clean surgical cases. 


CONCEPTS IN A CLINICAL STUDY OF POSTOPERATIVE SEPSIS 


Definition of Sepsis —A septic complication is by no means as uniform and 
discrete an entity as is commonly suggested in the current surgical literature. 
Little attention is directed to the implications of the well-known fact that the 
presence of bacteria are a necessary but not always a sufficient condition for 
the development of wound sepsis. That many other features of wound healing 
enter into the origins of clinical sepsis has been understood by surgeons for 
years, and a mass of convincing experimental evidence has appeared through 
the revealing studies of A. A. Miles and associates in animals'® **** and through 
the unique work of S. D. Elek and associates in human volunteers.’ 

A. A. Miles has enhanced the infective power of bacteria to form a localized 
abscess by a factor of one million. Thus, the minimal effective dose of certain 
bacteria, in numbers of organisms in 0.2 ml., required to produce an intra- 
dermal abscess in animals may be decreased a millionfold by simultaneous local 


This investigation was supported by the Armed Forces Special Weapons Project under 
contract with the Research and Development Division, Office of The Surgeon General, Depart- 
ment of the Army, Contract No. DA-49-007-MD-936. 

Read at the Twentieth Annual Meeting of the Society of University Surgeons, Denver, 
Colo., Feb, 12-14, 1959. 
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treatment with Adrenalin, heparin, or Liquoid (sodium polyanethol sulfonat 
anticoagulant and anticomplimentary in action). Furthermore, the develo; 
ment of cardiovascular shock by the injection of intraperitoneal hypertonic 
glucose solutions also enhanced the infective power of many bacteria. These 
studies clearly demonstrated a decisive period of 2 or 3 hours following the 
injection of the pathogenic bacteria. During this interval if the defenses of the 
body were hampered, infection would ensue and with doses of bacteria enor- 
mously reduced if the injection of bacteria were combined with certain agents 
or with cardiovascular shock. Broadly speaking, this work emphasized the 
details of the ‘‘primary lodgment’’ of the bacteria as a controlling factor in 
the development of sepsis within a millionfold dose range of bacteria. The 
enhancement of the infective powers of the bacteria evidently was not the conse- 
quenee of a heightened virulence, an intrinsic property of the bacteria, but 
rather the consequence of certain critical aspects of the ‘‘primary lodgment”’ 
impairing the defenses of the experimental animal. 

S. D. Elek,® in a series of experiments on young volunteers who submitted 
to the intradermal and subeutaneous injection of Staphylococcus aureus in a 
volume of 0.1 ml., determined the minimal pus-forming dose to be approxi- 
mately 5 x 10° cocci. The presence of suture material, another variant of the 
‘‘primary lodgment,’’ enhanced the infective power of the bacteria 1,000 to 


10,000 times. It was concluded that man is highly resistant to Staphylococcus 
aureus and that ‘‘as gross variations in virulence do not appear to exist for 
man, the cireumstances of the infection rather than the infective dose determine 


the outcome’’ over a wide range of doses. 

In the infaney of antiseptic technique Lord Lister decried ‘‘the idea that 
all inflammation is caused by micro-organisms and that suppuration, whether 
acute or chronic, is always due to similar agencies.’’*° Because of our clinical 
experience fortified by the afore-mentioned studies, we agree that the appear- 
ance of an inflammatory or a septic complication at the practical, clinical level 
is not necessarily the end result of a gross contamination of the surgical in- 
cision with bacteria. More logically it is the final expression of the interaction 
of a multitude of independent factors collectively impairing healing with the 
subsequent manifestation of inflammation or sepsis. Therefore, in this study 
the eases designated as septic are not a discrete group as to their inception but 
are a small proportion of cases from the total surgical experience in which the 
bacterial contamination common to virtually all surgical incisions?” *! has 
progressed to clinical sepsis. Independent factors influencing the final outeome 
include local trauma to the tissues, the normal vascularity of the tissues, the 
coagulation mechanism, ischemia consequent to the operation, the native re- 
sistance of the patient, associated systemic disease, the depressant effect of anes- 
thesia on the mobilization of the defenses in the body, the use and types of 
suture material, the condition of the patient’s skin, the type of skin preparation, 
the use of skin towels, prior bacterial environment of the patient, prior im- 
munizing infections, precision of the surgical technique, and so forth. 

In relation to the operations we have studied, minor and major incisional 
sepsis are defined as follows: 
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Minor sepsis: An inflammation of the abdominal wall incision of unusual 
degree requiring local or systemic treatment or associated with a febrile re- 
sponse or leukocytosis or prolonged hospitalization. Except for the most trivial 
of reactions all that were localized around skin sutures or through-and-through 
sutures were placed in this category. Drainage or positive cultures were not 
requirements for minor sepsis. 

Major sepsis: An inflammation of the abdominal wall incision associated 
with spontaneous or surgically induced purulent drainage greater than a few 
drops. Positive cultures were not a requirement for this category. 

Implication of a Clinical Infection as the Final Common Pathway of 
Many Factors.—It we accept clinical sepsis as the consequence of the unfavor- 
able conjunction of numerous factors including the presence of bacteria, the 
effects of chance must be distinguished from other more relevant factors that 
determine sepsis rates. Here the distinction between the rate of sepsis and 
the risk of sepsis is helpful. The risk of sepsis may be defined as the chance 
of a certain standard incision becoming septic. This is estimated from the actual 
rate or incidence of sepsis determined by a study of the patients or their records. 
The process of estimation requires conventional statistical teehniques con- 
spicuously absent from many reports of incisional sepsis.’ * 11: 22+ 25 3° 36, 37, 39, 40 
Likewise, comparisons of risk from one period or type of operation to another 
require statistical validation to discriminate between chance and _ significant 
changes. 

Importance of Standardizing the Surgical Procedure.—If the rate of sepsis 
is not to be influenced in a confusing way by alterations in the type of opera- 
tion performed, a study should be restricted to a standard operation or to those 
of similar risk of sepsis. This has been commented upon by A. C. Cunliffe,® 
who illustrated the point by noting in a study of surgical sepsis a 1 per cent 
incidence in 96 operations of the head, neck, and upper limb, and a 36 per cent 


incidenee in 22 amputations of the lower extremity. Other studies** ** °° like- 
wise have documented the differences in risk of septic complications that ehar- 
acterize operations. The evidence at hand shows that even in nominally ‘‘elean’’ 
surgery a ten- to twentyfold difference in the rate of sepsis is to be expected 
depending upon the nature of the procedure. 

Hospitals today are engaged in new surgical procedures with important 
implications for the risk of sepsis. Our own experience in harmony with others 
recognizes that the prolonged procedures of peripheral vascular surgery with 
multiple skin incisions, operations performed on extremities with marginal blood 
supply, the application of lengthy tumor resections to elderly and debilitated 
patients, the use of numerous percutaneous injections and intravenous solutions, 
the rise of the incidence of degenerative diseases in our surgical patients, 
tracheotomies, and so forth, collectively increase the risk of sepsis. Therefore, 
studies implying a trend or abrupt change in the risk of sepsis in a heterogeneous 
surgical population may have only documented a change in the ineidence of 
Sepsis consequent to a simultaneous alteration in the surgical case material. 
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PREVIOUS STUDIES 


In reviewing other reports of surgical sepsis’ * ° 1 °° 8° the operati 
material is not defined or is admittedly heterogeneous, making it impossible io 
evaluate the risk or the trends of sepsis commonly implied. In most instances 
no allowance has been made for the influence of chance alone to account for 
variations in the data before and after the institution of measures designed to 
reduce the rate of sepsis. One paper*® discusses wide fluctuations in the 
monthly rates of sepsis when they are based on a surgical experience of 12 io 
18 major operations per month. 

An article by Blowers and associates? that has been widely quoted, deserves 
special mention because of the care with which the investigation was completed. 
It has been commonly interpreted as proof of an alarming increase in the risk 
of sepsis on a thoracic surgical unit which was remedied by the institution of 
reforms in operating room technique and in barrier nursing. Regrettably this 
study provides no statistical validation for their conclusions, and it is only by 
taking the highest of several rates reported before the reforms and comparing 
it with the lowest of several rates afterward that it is possible to allege a sig- 
nificant change in the incidence of sepsis. The justification for this selection 
of the data is not convincing, and, in our opinion, it is questionable if the article 
establishes the efficacy of the detailed reorganization of the surgical service. 

The most valuable studies to our knowledge are those of C. W. Howe,'*'® 
whose careful investigations over a decade have defined the incidence of surgical 
sepsis at a large teaching hospital in Boston, Massachusetts, and have indicated 
that it is gradually rising together with an increasing proportion of Staphylo- 
eoceal infections. The statistical treatment establishes the significance of these 
trends that are, however, based on a broad category of surgery including opera- 
tions with such diverse risks of sepsis as herniorrhaphies, mastectomies, sympa- 
theetomies, cholecystectomies, intestinal resections, perineal surgery, and skin 
grafting to uleers."° What influence has been exerted by a gradual change in 
the character of the surgery and in the type of the patient over the past 10 
years is a matter for thoughtful speculation. It may be claimed with good 
reason that hospitals, such as the one in which this study was conducted, now 
are engaged in surgical procedures and on types of patients that inherently 
inerease the risk of sepsis quite apart from the stable risk a standard operation 
might prove to have. 


ORGANIZATION OF STUDY 


Record Survey.—Five years ago at this hospital a pilot study by L. 8S. MeKittrick 
and F, C. Wheelock, Jr.,29 concerned with the use of antibiotic therapy in elective abdominal 
surgery, proved the value of a retrospective record survey, and several preliminary pilot studies 
provided practical experience as to the organization and the amount of reliable information 
obtainable. Following this experience a retrospective study of the incidence of incisional 
sepsis was completed by reviewing the hospital records over a 21-year period, 1937 througli 
1957, of 9,447 inguinal herniorrhaphies and abdominal hysterectomies as follows. 

A panel of 4 nurses was instructed in regard to the nature of the study and tlie 
details of its execution. The initial survey of the hospital records was completed by these 
nurses, and all cases that were classified as questionably septic or frankly so were set aside 
for subsequent review by a group of 4 surgeons. One-half of these cases was not considered 
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to have a septic complication by the 4 surgeons, and a high proportion of reclassification was 
the consequence of the instruction to the nurses requesting every possible case to be set 
aside which might in any way be interpreted as septic. Additional cases were accumulated 
by the nurses if difficulties arose concerning their interpretation in any other connection. 
As a final check, from those cases thought to be accurately classified originally by the 
nurses a proportion was selected at random and reviewed by the surgeons. This random 
independent survey of the records revealed virtual unanimity in the nurses’ and surgeons’ 
interpretation, and we are confident that the review of the records has identified sepsis 
and related topics consistently and accurately. 

A case was considered septic if the healing of the incision as described in the progress 
notes gave any evidence of unusual inflammation. These cases were divided by the 4 
surgeons into major and minor sepsis according to the previously stated definitions. Cultures 
were obtained in approximately half of the septic cases. It is a matter of careful judgment 
to decide whether or not inflammation of any significant degree was associated with the 
healing of an incision. Some of the examples of minor sepsis doubtless were only inflam- 
mation due to trauma rather than to a frank growth of bacteria. The accurate interpreta- 
tion of the records was simplified by the careful, descriptive progress notes compiled by 
the surgical staff and surgical residents in postgraduate training over the 21-year period. 


Selection of Cases——The series of inguinal herniorrhaphies was derived from all such 
operations performed on the General Hospital Service, and the series of abdominal hyster- 
ectomies was derived from all such operations performed on the General Hospital and 
Private Services. In the interest of standardization, not all operations were included since 
certain cases were set aside that might reasonably be supposed to have a different risk of 
developing sepsis. No case was removed because of a septic complication but only if it 
were classified in one of several categories of increased septic risk. Therefore, inguinal 
herniorrhaphies associated with bowel resections or appendectomies were excluded categorically 
from the study. Abdominal hysterectomies were not included if they were associated with 
pelvic inflammatory disease in all its varied acute manifestations, with other operations 
such as cystectomies or bowel resections, with prior therapeutic irradiation through the 
skin of the abdomen, and with cancer of the cervix or vagina because of the prevalence 
of a necrotic, infected tumor. 

Tables I and II present minor categories which occasioned the removal of 26 additional 
eases from the herniorrhaphy series and 118 cases from the hysterectomy series in the 
interest of increasing the unformity of risk of those remaining and in the interest of the 
application of a workable definition for sepsis obviously difficult in those incisions drained, 
‘closed secondarily,’’ in patients who died prematurely, and so forth. These tables are 


TABLE I. CASES REMOVED FROM INGUINAL HERNIORRHAPHY SERIES 














SEPTIC TOTAL 
CAUSE FOR REMOVAL NUMBER NUMBER 








Death within 8 days of operation 0 8 
Major focus of sepsis present in body prior to operation 2 5 
Drained primarily - 4 
Herniorrhaphy transabdominally via a median or para- 

median abdominal incision 
Immediate re-exploration for hemostasis or for impending 

infarction of testis or for repair of sutures broken 

by coughing 
Infareted testis drained via herniorrhaphy incision 
Extravasation of large amount of urine from bladder 

into incision 
Excoriation of incision by child removing dressing 
Follow-up inadequate; patient demanded discharge on 

first postoperative day 

Totals 

Per cent of sepsis in cases removed from inguinal 

herniorrhaphy series 


*Number of septic cases inapplicable. 
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self-explanatory, and it will be seen that the incidence of sepsis is higher in cases remov: 

than in those remaining. If the 6 septic hysterectomies in Table II are considered in 1 
lation to the total number less the 35 incomplete or lost records, the incidence of sepsis 
would be increased to 7 per cent. The fact that these percentages are higher than th: 
average values of the remaining cases subsequently to be discussed justifies the exclusion 
of these categories in order to avoid their irrelevant effect on the rates of sepsis following 
a standard procedure. 

Tables III and IV set forth the numbers of eases studied after the exclusiois 
mentioned and indicate the division into major and minor sepsis. The numbers of cases 
reclassified by the surgeons as nonseptic are stated. In both the inguinal herniorrhapliy 
and abdominal hysterectomy series, over 1,000 records were reviewed in detail by the 4 
surgeons as the septic records were checked and classified, the random selection of records 
reviewed, and the final interpretation given to records which had been questioned for any 


reason by the nurses. 


TABLE II. CASES REMOVED FROM ABDOMINAL HYSTERECTOMY SERIES 





SEPTIC °- TOTAL 





CAUSE FOR REMOVAL | NUMBER NUMBER 
Drained primarily . 26 
Re-exploration via hysterectomy incision during the same 
hospitalization and incision dehiscences 2 25 
Death within 10 days of operation l 16 
Incision ‘‘closed secondarily ’’ 7 
Hysterectomy associated with complications of pregnancy, 
e.g., Massive intra-abdominal hemorrhage, rupture of 
uterus, ete. 0 4 
Major focus of contamination or sepsis present in body 
prior to operation, e.g., skin infection, colostomy, ete. 2 3 
Excoriation of incision by patient l 2 
Records incomplete or lost 7 35 
Totals 6 118 
Per cent of sepsis in cases removed from abdominal 
hysterectomy series 5% 





*Number of septic cases inapplicable. 


TABLE III. SUMMARY OF SEPSIS STUDY IN 3,336 INGUINAL HERNIORRHAPHIES AT 
MASSACHUSETTS GENERAL HospiITaAL (1937 THROUGH 1957 ) 


Records reviewed by doctors after preliminary screening 
by nurses disclosed obvious or possible sepsis: 











Major sepsis 110 
Minor sepsis 63 
Cases not considered septic by doctors 112 
Total 285 


Records reviewed by nurses in which no evidence for 
sepsis was disclosed. (Of these 15 per cent chosen 
at random were reviewed by doctors.) 


Grand total 


3,051 


3,336 





TABLE ITV. SUMMARY OF SEPSIS STUDY IN 6,111 ABDOMINAL HYSTERECTOMIES AT 
MASSACHUSETTS GENERAL HOospiTaL (1937 THROUGH 1957) 





Records reviewed by doctors after preliminary screening 
by nurses disclosed obvious or possible sepsis: 








Major sepsis 96 
Minor sepsis 133 
Jases not considered septic by doctors 254 
Total 483 
Records reviewed by nurses in which no evidence for 
sepsis was disclosed. (Of these 6 per cent chosen 
at random were reviewed by doctors.) 5,628 
Grand total 6,111 











—— 





ees Re 
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The average age of the patients undergoing inguinal herniorrhaphy was 43 years, 
and the average age increased by approximately 10 years during the 21-year period of the 
study. In those hernias that became septic the average age was 50. The abdominal hyster- 
ectomies were performed in a more homogeneous age group with an average of 44 years 
and the septic cases averaged a year older. Eighty-three per cent of the herniorrhaphy 
cases were between the ages of 11 and 70, inclusive. Eighty per cent of the abdominal 
hysterectomies cases were between the ages of 31 and 50, inclusive. 

The hernia operations lasted an average of one hour and 45 minutes with the septic 
ones taking a few minutes longer. The duration of the abdominal hysterectomies averaged 
approximately 2 hours, with the cases done on the General Hospital Service lasting approxi- 
mately 50 minutes longer than those performed on the Private Service. 

The duration of hospitalization for both operations gradually decreased during the 
period covered by this study, and in 1937 10 days to 2 weeks of hospitalization was not 
uncommon for inguinal herniorrhaphies. Currently patients following inguinal herniorrhaphy 
may stay in the hospital as long as 4 or 5 days. The duration of hospitalization after 
hysterectomy has decreased from between 2 and 3 weeks to approximately 10 days over 
the past 21 years. Usually the cases cared for on the Private Service remained somewhat 
longer, presumably because a certain freedom from economic pressures favored a longer 
hospitalization. 


Follow-Up.—The duration of the contact between the patient and the hospital staff 
as noted in the records varied considerably inasmuch as the cases developing a complication 
were obviously followed longer and more frequently. Those with uneventful healing were 
discharged sooner from the hospital and, when followed in the Outpatient Department, had 
shorter periods of observation. Doubtless some patients with a septic complication did 
not report to the hospital clinics, but we believe these to be few in number in the group of 
3,336 inguinal herniorrhaphy cases and 1,919 abdominal hysterectomy cases performed on 
the General Hospital Service. In the former group 68 per cent and in the latter 79 per cent 
of the septic complications became manifest in the hospital. The longer hospitalization of 
a hysterectomy may well account for the higher figure. 


The follow-up of those hysterectomies performed on the Private Service was limited 
to the initial hospitalization and to any secondary hospitalization for treatment of a post- 
operative complication or any other illness. These cases, in number 4,192, represent two- 
thirds of the total hysterectomy group of 6,111 cases. They were referred to a staff 
surgeon for hysterectomy with the consequence that frequently a physician, in a nearby 
or remote community, directed the postoperative care after discharge. Under these circum- 
stances a standard, reliable follow-up procedure is not possible, and we have accepted the 
limits placed on our follow-up by the hospital record as the only practical, if not ideal, 
solution. 

Thus for the comparison of the incidence of sepsis from year to year, we have a con- 
sistent follow-up for the total hysterectomy group. However, it should be clearly under- 
stood that the reported incidence of sepsis is a minimum figure and that if every com- 
plication were known the incidence would probably be a few tenths of a per cent higher. 
It may be shown that, if a follow-up as complete for the Private Service cases as for the 
General Hospital Service cases were available, the maximum increase in the incidence of 
sepsis discovered would be less than half of 1 per cent in the total hysterectomy group. 

Figs. 1 and 2 display the time of appearance of sepsis in the 173 septic inguinal 
herniorrhaphies and 229 septic abdominal hysterectomies of this study. It may be appre- 
ciated that the bulk of the septic complications appears in the immediate postoperative 
period, and a smaller fraction becomes manifest much later, generally related to sepsis 
emerging from a chronic focus about a nonabsorbable suture. 


RESULTS 


The results of this investigation are set forth in Tables V and VI and Figs. 
3 and 4. 
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Incidence of Sepsis.—The incidence or rate of major and minor sepsis ‘s 
set forth on a yearly basis over 21 years for inguinal herniorrhaphies in Tabie 
V and Fig. 3 and for abdominal hysterectomies in Table VI and Fig. 4. From 
these tables we estimate that the risk of a septic complication with 99 per cert 
fiducial limits is 5.2 per cent (4.2 to 6.2) for an inguinal herniorrhaphy anid 
3.8 per cent (3.2 to 4.5) for an abdominal hysterectomy. The percentage of 
major and minor sepsis is given in the tables, and the greater incidence of 
major sepsis in the herniorrhaphy incisions in contrast to the hysterectomics 
is probably due to the inelusion of practice service eases in the latter group. 
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Fig. 1. Fig. 2. 

Fig. 1.—Appearance of sepsis in 173 septic inguinal herniorrhaphies. 

Fig. 2.—Appearance of sepsis in 229 septic abdominal hysterectomies. 

In regard to trends over the 21-year period there evidently is nothing to 
suggest a consistent progress up or down of the incidence of sepsis. Statistical 
considerations (chi square testing) indicate that the distribution of the yearly 
incidence of sepsis in both series falls within a range to be anticipated on the 
basis of chance alone. Such annual fluctuations cannot be advanced as evidence 


for any change in the basie risk of sepsis inasmuch as the vagaries of chance 
alone would adequately account for the range of values tabulated. 


DISCUSSION 


Our interpretation of this study conforms to the principle that a septic or 
inflammatory complication in the healing of a clean incision is the final ex- 
pression of a multitude of factors. This report has focused on infections since 
it is principally by the symptoms and signs of inflammation accompanying in- 
fection that we learn of defective healing. More accurately, we have been con- 
cerned with complicated wound healing not necessarily initiated by bacterial 
contamination but generally accompanied by bacterial growth. A septic com- 
plication is ‘‘sepsis’’ in its later stages but may have originated from any num- 
ber of causes that enhance the infective power of bacteria present as con- 
taminants in virtually every surgical incision.?® *! 
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TABLE V. INCIDENCE OF SEPSIS IN 3,336 INGUINAL HERNIORRHAPHIES AT 
MASSACHUSETTS GENERAL HOSPITAL (1937 THROUGH 1957) 








NUMBER PER CENT PER CENT PER CENT 
YEAR OF CASES MINOR SEPSIS MAJOR SEPSIS TOTAL SEPSIS 


1937 175 0.57 3.43 4.00 
1938 192 1.04 5.20 6.24 
1939 147 1.36 3.40 4.76 
1940 168 19 5.95 7.74 
1941 229 ol 1.75 3.06 
1942 248 43 2.43 4.86 
1943 274 19 6.20 8.39 
1944 190 2.10 5.79 7.89 
1945 105 90 0.95 2.85 
1946 121 48 0.00 2.48 
1947 174 72 2.30 4.02 
1948 126 O9 3.97 5.56 
1949 120 00 0.00 2.50 
1950 167 20 4.19 5.39 
1951 128 0.78 1.56 34 
1952 126 3.97 0.79 76 
1953 110 2.73 4.55 

1954 128 0.78 3.13 

1955 113 3.04 2.65 

1956 149 1.34 4.03 

1957 146 3.42 2.05 


Total 3,336 
Average for all cases 1.89 3.30 

The chi square values for the total sepsis of the individual years when compared to the 
average of 5.19 per cent range from 0.010 in 1956 to 5.72 in 1943. For the entire 21 years 
the sum of the chi squares is 23.0 with 0.30 <P <0.50. Therefore, the extreme values in 1956 
and 1943 may reasonably be explained on the basis of random sampling of an essentially uni- 
form risk of sepsis. There is no evidence for questioning the homogeneity of the surgical 
material as far as the risk of sepsis is concerned. 








TABLE VI. INCIDENCE OF SEPSIS IN 6,111 ABDOMINAL HYSTERECTOMIES AT 


MASSACHUSETTS GENERAL HOSPITAL (19387 THROUGH 1957) 











NUMBER PER CENT PER CENT PER CENT 
YEAR OF CASES MINOR SEPSIS MAJOR SEPSIS TOTAL SEPSIS 
1937 245 2.04 1.23 
1938 240 2.08 2.50 
1939 250 2.00 1.60 
1940 260 2.70 3.09 
1941 238 2.94 2.10 
1942 299 1.34 0.34 
1943 324 1.85 0.93 
1944 327 1.22 1.23 
1945 398 2.02 1.25 
1946 435 3.91 1.15 
1947 373 1.61 0.54 
1948 372 1.61 2.15 
1949 281 2.85 2.13 
1950 226 6% 3.54 
1951 215 of 0.93 
1952 346 2. 0.58 
1953 305 ‘ 1.31 
1954 270 22 74 
1955 257 , 1.56 4.28 
1956 207 , : 4.83 
1957 243 f ; 5.77 


Total 6,111 
Average for all cases 3.76 


The chi square values for the total sepsis of the individual years when compared to the 
average of 3.76 per cent range from <0.001 in 1938 to 3.49 in 1950. For the entire 21 years 
the sum of the chi squares is 22.7 with 0.30 <P <0.50. Therefore, the extreme values in 1938 
and 1950 may reasonably be explained on the basis of random sampling of an_ essentially 
uniform risk of sepsis. There is no evidence for questioning the homogeneity of the surgical 
material as far as the risk of sepsis is concerned. 
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From the data presented there appears to be no evidence whatsoever tha! 
the risk of sepsis has increased or decreased when we consider two standar| 
operations over a 21-year period. The hysterectomy, a more frequent operation 
confined to a narrower age group, might be the best of the two to establish the 
essential stability in risk over the years. 
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Fig. 3.—Incidence of sepsis in 3,336 inguinal herniorrhaphies at Massachusetts General Hospital 
(1937 through 1957). 

















~ —— - ; 
w 
SW 400} uss 
= 
SS) 
Qe 
QG 
TW 300+ Aum 
ye & 
ly 
SR 
s& 
== 200b ~ 200 
di — TOTAL SEPSIS + 
—-- MAJOR SEPSIS 
% 
a 
a 
99% FIDUCIAL 
$ 3.8%| LIMITS OF 
Py TOTAL SEPSIS 
© MINOR /2.2 
i SEPSIS | % 
Q 99% FIDUCIAL 
t LIMITS OF 
MAJOR MAJOR SEPSIS 
¥ ¥ — © SEPSIS 
Kae eer Se eee eee 
'37 '39 ‘4! '43 '45 '47 '49 '5I 153 '55 ‘57 AVERAGE OF 6111 
YEARS HYSTERECTOMIES 


Fig. 4.—Incidence of sepsis in 6,111 abdominal hysterectomies at Massachusetts General Hos- 
pital (1937 through 1957). 
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On the other hand, we are aware of the impression that more septic com- 
plications are seen in this hospital in recent years on the surgical services. This 
has not been substantiated by accurate documentation, but it appears an obvious 
certainty in view of the more complex operations performed today. This study 
attempts to test the existence of altered circumstances in the environment of 
the patient that are conducive to sepsis as distinct from changes in the character 
of the surgery performed. Using the measure of two standard procedures 
we have no evidence to suggest an inereased risk of sepsis despite the 
numerous reports in the current surgical literature presenting a different ex- 
perience." 2, 11, 16-19, 25, 38-40 

Some of these reports have statistical shortcomings that limit the con- 
clusions validly inferred from them. Others with particular single-mindedness 
are concerned with the role of bacteria in the development of incisional sepsis 
to the exclusion of such important factors as the details of the surgical tech- 
nique, the patient’s native resistance, the permissive action of cardiovascular 
shock in the suecessful ‘primary lodgment’’ of bacteria, the type of operation, 
and so forth. Although bacteria have been qualitatively recorded in the past, 
this bulk of information must not prejudice our understanding of the contribu- 
tion of other factors in the genesis of wound sepsis. The qualitative and quanti- 
tative diminution of bacteria in the environment of the patient is patently a 
wholesome objective where it can be reasonably accomplished. On the other 
hand, unduly elaborate barrier nursing precautions, more rigorous interpreta- 
tion of the conventional aseptic techniques of the operating room, prolonged 
and fastidious skin preparations, and so forth will not alter necessarily the risk 
of incisional sepsis to any appreciable extent if the other factors are overlooked. 

CONCLUSIONS 

In a study of 9,447 clean surgical incisions from a uniform and standard 
group of inguinal herniorrhaphies and abdominal hysterectomies performed at 
the Massachusetts General Hospital over a 21-year period the following con- 
clusions are drawn: 

1. The clinical manifestation of inflammation or sepsis in a elean incision 
is a late result of many factors, only one of which is the presence of bacteria. 
The ubiquity of bacteria in clean surgical incisions results in their pathogenic 
growth when other factors facilitate their primary lodgment and attenuate the 
prompt mobilization of the defenses of the body. 

2. The risk of complicated incisional healing as manifest by sepsis in in- 
guinal herniorrhaphies is approximately 5.2 per cent and in abdominal hys- 
terectomies is approximately 3.8 per cent. 

3. A study of the rate of sepsis reveals no evidence for an inerease or de- 
crease in the risk of sepsis in this period of 21 years. 

4. Surgical procedures have diverse risks of sepsis, and the evaluation of 
trends in this risk must be determined by data from a standard operation or 
by data from a standardized surgical population. 

We are indebted to Dr. Oliver Cope for his seasoned advice and enthusiastic support 
throughout this investigation and to the present and past members of the hospital staff 
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who have faithfully recorded the clinical course of the patients. The encouragement 
Dr. Dean A. Clark at the start of this project and his administrative help throughout w: 
essential for the completion of this study. 
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DISCUSSION 


DR. BEN EISENMAN (Denver, Colo.).—The studies referred to by Dr. Barnes 
concern our evaluation of performing appendectomy at the time of right inguinal herniorrhaphy 
in which we for several years utilized prophylactic postoperative antibiotic therapy (Ann. 
Surg. 149: 110, 1959). For over 3 years now we have omitted this use of antibiotics in 
a similar study of almost 400 consecutive herniorrhaphies. Thus, we have two comparable 
series, each of approximately 400 herniorrhaphies. In the one we employed prophylactic 
antibiotics and latterly have omitted this now obviously odius practice. Our statistics 
show no difference in the incidence of postoperative infection, thus supporting Dr. Barnes 
thesis that prophylactic antibiotics are unnecessary as well as unwise. 

Incidentally, the current study bears out the previous contention that appendectomy 
through the hernia sae, according to our limiting criteria, does not increase the incidence 
of subsequent infection or complication. 


DR. HAROLD A. ZINTEL (New York, N. Y.).—Dr. Barnes and his colleagues are to 
be commended for bringing this very important subject into what I think is a very much 
better focus than has previously been attained. 

Infection has been a serious problem but I think it has been magnified by an un- 
known factor of emotion. I think Dr. Hardy and some others will remember a certain 
rather open meeting of senior faculty members and AOA members at the University of 
Pennsylvania at the annual dinner where it was the habit of the AOA members to criticize 
the various services and individuals. One bright individual got up and said that he thought 
that the surgical service at the University of Pennsylvania confused activity with accomplish- 
ment. This, of course, we know was not true. 

[ hope each member of this group, as you discuss this problem among the members of 
your service and as you discuss it in your committees, will set up meaningful rules and 
regulations. I hope you will not establish meaningless rituals with regard to this subject. 
You should not lose sight of the fact, which Dr. Barnes has very definitely pointed out with- 
out actually saying so, that the surgical technique of the surgeon is probably the most im- 
portant factor in the establishment of a wound infection. This is more important than any 
other factor, such as the antiseptic used on the skin, housekeeping, or antiseptic ritual that 
the operating room staff might use. Not that these other factors are not important; they 
are important. But the most important factor is to realize the who, what, where, and when 
of the conditions set up within that patient to allow the bacteria to grow. 


DR. EDWARD L. HOWES (New York, N. Y.).—I would like to put in a plea for 
the correct use of terms. The data presented, one presumes, is based upon the parenteral 
use of antibiotics, not their local prophylactic use. For a number of years, antibiotics have 
been used parenterally in our laboratory to prevent animals from dying of sepsis whenever 
« local infection was created by means of a contaminated crush injury. But local infection 
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always resulted despite the kind of antibiotic used. It is not surprising then that in thi se 
clinical statistics parenteral use of antibiotics did not influence the percentage of infectic ns 
in wounds. 

On the other hand, antibiotics of a type and concentration that would not kill 
did prevent infection when used locally prophylactically if the contamination was less 
6 hours old and the bacteria were sensitive to their action. Thereafter the local use of anti 
bioties did not prevent infection even though they remained sensitive. In addition, we have 
repeatedly emphasized that the local use of antibiotics will not hasten the evolution of the 
local infection even though the bacteria are sensitive unless an enzyme is used with the 
antibiotic. 

The local use of antibiotics to prevent infection in wounds is a very unpopular subject 
with many surgeons. ‘‘Good surgery is required to prevent infection and not poor surgery 
supported by antibiotics.’’ The point is well made but bathing the skin with antibacterial 
substances to reduce the number of bacteria is not omitted even with ‘‘good surgery.’’ 
Moreover, bacterial studies done on wounds just before their closure show most are con- 
taminated with bacteria despite the type of operation done and there is no reason why their 
growth in bits of necrotic tissue isolated from the circulation should not be hindered by the 
judicious and correct use of antibiotics. Antiseptics fail at this junction because they pro- 
duce more necrosis of tissues on which surviving bacteria proliferate. 

Incidentally, there are very few and certainly no recent publications on the local use 
of antibiotics to prevent infections in operative wounds. Earlier there were extensive ones 
on sulfur drugs and penicillin. Both failed for reasons that can be obviated now. Yet, 
local use is no longer investigated and instead is indicted with the failure of parenteral 
antibiotics to prevent infections. 

The surgical service of Presbyterian Hospital in New York has used antibiotics locally 
and prophylactically in some form since they were first introduced and have no reason to 
regret this use. Complications produced have been almost nonexistent. The rate of  in- 
fection has remained consistently low but whether the local use of antibiotics can be given 
the entire credit must await statistical comparison with several services to reach a valid 
answer as was obtained with the sulfur drugs. Certainly the experimental evidence is in 
favor of local use and perhaps with proteolytic enzymes. Last, the experiences of those 
who have used antibiotics locally have not been of a nature that would negate the need of 
such a statistical evaluation. Today when infection with resistant staphylococci is becoming 
a problem, to prevent infections is the best approach. True, with the use of antibiotics the 
microorganisms isolated are resistant but then when infection results and antibiotics have 
not been used or have been used parenterally most of the microorganisms isolated are also 
resistant. In other words, the specter of resistance should not be used as an argument 


against the loeal use of antibiotics. 


DR. BARNES (closing).—Dr. Eiseman was commenting on the limited efficacy of 
‘*prophylactic’’ chemotherapy and, of course, there is nothing new here in this concept, 
and we do not claim any novelty. What is difficult to find, though, is convincing evidence, 
and we hope that this study will add some concrete facts to substantiate what has been the 
contention of most of us, I think, that ‘‘prophylactic’’ antibiotics are not helpful used 
systemically in clean surgery. Dr. Zintel was commenting on the emotion involved in these 


sroblems, and this seems to be true: there is a less eritical evaluation of the ceremonial 
, 


aspect of surgical technique today than in previous times. It is interesting to review the 
writings of Lord Lister, in regard to the establishment of antiseptic techniques. When he 
was advocating new techniques, he very carefully pointed out the importance of not adding 
to the ceremony of surgery without good supporting evidence. Today, with the success of 
aseptic techniques, which is so apparent, it is very easy to add more precautions: one more 
scrub suit to be changed, one more minute to the scrub technique, one more chemical and 
so forth, because everyone is so pleased with the results that we do not take the time fo 
evaluate each step critically. Dr. Howes properly corrected me in regard to the use of 
terms. It was systemic chemotherapy I was referring to and nothing we say here has any 


bearing on the use of chemotherapy locally. 
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(From the Departments of Surgery, Radiology, and Pathology of the Harvard Medical School 
at the Peter Bent Brigham Hospital) 


HE successful transplantation of homografts depends upon the alteration 

of the immunogenetie status either of the donor or the recipient. Treat- 
ment of the intended recipient with total body irradiation is one method of 
inducing a degree tolerance to homologous tissue. '? It has been demonstrated 
that animals ean be protected from otherwise lethal doses of ionizing radiation 
by bone marrow transplants, be they isolegous, homologous, or heterolo- 
gous.' 15 24 34 Homografts of skin have been accepted by lethally irradiated 
mice protected with bone marrow from animals isologous with the skin 
donors.’® *° Survival of these skin homografts has been interpreted as lending 
support to the cellular repopulation theory of radiation protection,’® ** but 
conclusive evidence that there is not an intermediate humoral step in the 
sequence of events is lacking. 

Successful bone marrow transplantation has been achieved in rabbits after 
whole body irradiation in the dose range of 1,100 r.1* *7 The use of the female 
chromatin tag on the nucleus of the neutrophils to identify and follow the 
course of such radiation chimeras has been an important initial advanee in 
these studies.’* °° Attempts to corroborate the functioning genetic identity 
of transplanted marrow in these animals by the transfer of other tissues has 
not been recorded, however. The combined study of female-tagged neutrophils 
and skin homografts from bone marrow donors, therefore, promises further 
elucidation of the degree of tolerance provided by the transplanted bone marrow. 

Within this context, treatment of an intended recipient with lethal radiation 
and homologous bone marrow may be viewed as a means of achieving homo- 
transplantation of other tissues and organs. Ideally, the best results might 
be anticipated when the bone marrow donor and the skin (or other organ) 
donor are either the same individual or are genetically identical (isologous). 
There are, unfortunately, practical limitations to the clinical application of 
these experimental principles. The dose of bone marrow cells required 
for suecessful transplantation in humans?* may be more than ean be pro- 
vided by a single living volunteer. Fresh cadavar marrow or preserved bank 
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marrow may supply the correct number of cells, but neither of these approach. s 
solves the problem of the availability of a viable organ from the marrow 
donor. From a logistic standpoint, the use of marrow from multiple, live 
adult donors is a hitherto unexplored alternative that warrants investigation 
in terms of its ability to impart tolerance to subsequent tissues grafted from 
a donor to the marrow pool. 

The major problems to be evaluated in these experiments are: (1) Will 
pooled adult bone marrow provide acceptable protection from lethal irradiation 
as compared to marrow from a single donor? (2) What is the fate of skin 
homografts applied to the recipients from each of the donors to the marrow 
pool? (3) What new insight into the problems of acquired tolerance can this 


approach provide? 
MATERIALS AND METHODS 


Recipients.—Genetically unrelated white, male New Zealand rabbits, weighing 2,500 to 
3,000 Gm., were used as recipients. They were individually caged and offered routine Purina 
rabbit chow, carrots, and water ad libitum. Following an initial weighing, hematocrit, white 
blood count, and differential and female-tagged neutrophil count, they were subjected to 
total body irradiation from a 250 kv. constant potential source, employing the following 
factors: 15 Ma., T-3 filter, HVL 3.0 mm.Cu, field size 20 by 20 em., and target-object dis 
tance 50 cm. The animals were seated in a Lucite box and the dead space was filled in with 
rice bolus to adjust the irradiated volume to 20 em.3 The 20 em.2 cone was brought adjacent, 
in rotation, to each of the four sides of the box, thereby dividing the dose among four 
portals of entry in two body planes. A total of 1,100 r. in successive daily increments of 
600 r. and 500 r. was delivered. These doses, measured by a Victoreen ionization chamber 
in the center of the box at a typical dose rate of 35 r. per minute before and after each 
treatment, have been expressed as air doses at the ‘‘center’’ of the animal, in the interest 
of comparisons with earlier series. Using standard isodose curves, the calculated tissue dose 
at the center of the irradiated volume is in the range of 1,050 r.; by masonite phantom 
measurements, it is of the order of 975 r. None of the figures, of course, reflects variations 
in volume dose as a function of animal size. Penicillin (80,000 units) and streptomycin 
(0.1 Gm.) were injected intramuscularly daily, beginning on the day prior to irradiation, 
for a total of 13 days. 


Donors.—Female weanling rabbits, 6 to 8 weeks of age, but immunologically mature, 
of three different strains were used as skin and bone marrow donors. ‘Those of the Duteh 
strain weighed about 400 to 500 Gm. and were brown, black, or spotted. Those of the 
California strain weighed between 1,000 and 2,000 Gm. and had grayish brown ears. The 
New Zealand strain donors were white and weighed about 1,000 Gm. The donor animals 
were killed with 20 ¢.c. of intravenous air, after a blood smear had been made. The ears 
were shaved, excised, and soaked in 50 per cent isopropyl alcohol, then rinsed in saline. 
The skin on the dorsal surface was carefully dissected from the subcutaneous tissues and 
blood vessels. Five full-thickness rectangles of skin, about 2 by 1.5 em. in size, were 
fashioned from each donor’s ears, wrapped in a sterile saline sponge, and placed in a sep- 
arately marked Petri dish. The remainder of the carcass was treated as follows: The four 
extremities were stripped of their skin under nonsterile conditions, amputated, and dropped 
into a basin of 2 per cent tincture of iodine. Next they’ were soaked in 50 per cent alcohol, 
and finally were washed with saline. From this point on, sterile precautions were maintained. 
The muscles were stripped from the femora, tibiae, and humeri. The epiphysis and the 
diaphysis were clipped with a bone cutter until the beginning of the marrow cavity could 
be seen at each end of the bone. The bone was cracked longitudinally by applying pressure 
with pliers, and the marrow was curetted out and placed in Hank’s balanced salt solution 
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at a pH of about 7.4. When pooled marrow donation was being used, all the marrow from 
the 6 bones of each of 5 donors was collected together in 50 ¢.c. of Hank’s solution (Fig. 1) ; 
otherwise the marrow from each donor was preserved separately using 10 ¢.c, of solution. 
The marrow solution was stirred frequently and, after complete harvesting, was passed 
through a series of stainless steel screens of 600, 310, 200, and 88 microns, An Atlas nylon 
syringe (machined according to the design of Dr. Joseph W. Ferrebee) holds these screens 
and allows the marrow suspension to be washed back and forth to break up clumps and 
fragments. The marrow suspension was then allowed to settle and was aspirated from 
beneath the fatty layer with a No. 14 needle on a 20 c.c. syringe. Two to 3 washes of the 
fatty layer were carried out with the Hank’s solution, always aspirating from the bottom 
and measuring the final volume as it was aspirated. The total volume, whether for single 
or pooled marrow, was adjusted to 20 e.c. for each intended recipient. A 0.1 ¢.c. aliquot of 
the final marrow solution was added to 9.9 ee, of 10 per cent citric acid, colored with 5 
drops of toluidine blue, shaken for 3 minutes, and counted in an ordinary hemocytometer. 
Marrow dosage ranged from 1.5 to 2.5 x 10% nucleated cells, except for 5 animals who re- 
ceived 0.92 x 109 pooled marrow cells. The marrow suspension was given intravenously via 
the lateral ear vein through a 20-gauge needle, within an hour of completion of the marrow 


processing. 














Fig. 1.—Schematic representation of the experimental method. The marrow is_ pooled 
from 5 female donors and infused into an irradiated male. <A skin graft from each bone 
marrow donor and an autograft are placed on the ear of the recipient. 


Skin Grafting.—Immediately after receiving the marrow infusion, the recipient animals 
were anesthetized with intravenous Nembutal at a dose of approximately 30 mg. per kilogram, 
although careful titration of the respiratory rate, reflex activity, and level of consciousness 
Was necessary to prevent death from anesthesia overdosage. The ears were shaved and graft 
sites were prepared by incising the skin for its full thickness in the form of a rectangle 
2 by 1.5 em. in size. This rectangle of skin was then sharply dissected from the subcutanecus 
tissue in a bloodless plane. Skin for autografts was rotated 180 degrees and placed back 
on the graft site. The homografts were trimmed to eliminate overlapping. All grafts were 
sutured with a single stitch in each corner of 4-0 silk on an atraumatie cutting needle. 
No dressings or splints were required and daily recordings of the status of the grafts were 
made with ease. 

Control animals received only an autograft and a homograft. Single marrow recipients 
received an autograft and a marrow donor homograft. Pooled marrow recipients were 
given an autograft and a homograft from each of the marrow donors (5 in number). All 
crafts were placed on the day of marrow transplantation. Cross skin grafting was carried 
out between untreated animals of the New Zealand strain to determine the mean primary 
und second-set rejection times. Acute skin rejections were characterized by full-thickness 
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necrosis within 24 to 48 hours after the appearance of definite cyanosis and edema, t¢! 
latter being the clinical criteria for rejection in these experiments. The majority of ¢! 
rejections were of this variety. In some of the delayed rejections, however, the rejecti 
pattern itself was of a more chronic and prolonged nature. The graft slowly became thi 
and edematous, the surface scaled, hair growth ceased, and total epilation oceurre: 
but it often took more than 10 days before complete necrosis ensued. 

In most cases, animals with colored hair were used for donors, so that homogra| 
survival would be indisputable. All white homografts were placed so that hair growt 
would be in a direction opposite to that of the recipient’s. The ultimate evidence of hon 
graft survival was a luxurious growth of hair characteristic of the donor, on the recipient 
Color photographs were made of the rabbit’s ears at appropriate intervals to best demon 
strate the status of the skin grafts. Following the transplantation procedures, weights, 
white blood counts, hematocrit, and differential and female-tagged neutrophil counts wer 
obtained on all animals at least twice a week for the first month and once a week thereafter, 
The status of the skin grafts was observed and recorded daily. In addition to the 10-day 
postirradiation course of penicillin and streptomycin already mentioned, antibiotics were 
administered if a clinical diagnosis of pneumonia was made. Complete autopsies were per 
formed on all animals that died after 14 days and on many that died either immediately or 
within the first 2 weeks. 

RESULTS 

Survival and Marrow Acceptance Data.—The first point to be considered in 
evaluating the use of bone marrow pooled from multiple donors is its ability 
to protect the recipient from lethal irradiation This protective effect then 
must be compared with that provided by marrow from a single donor. Table | 
indicates the periodic mortality for the entire group of 87 animals studied in 
this experiment. Table II, which is concerned only with those animals tolerating 
1.100 r. of irradiation, Nembutal anesthesia, skin grafting, and bone marrow 


TABLE | 





PERIODIC MORTALITY | guryrvat 





____ (DAYS) | ~=—s BEYOND 
1-14 | 15-28 | 29-49 | 49 pays TOTALS 
Controls (LD 91:14) 
a. Immediate death (6) 6 
b. X-ray alone , 12 
ec. X-ray and antibiotics 12 | 2 15 
Experimental series 
a. Immediate death (12) 12 
Single marrow recipients (4) 
Pooled marrow recipients (8) 
b. Unsuccessful marrow transplants 
Single marrow recipients 0 0 0 0 0 
Pooled marrow recipients 5 2 0 3 10 
ce. Suecessful marrow transplants 
Single marrow recipients 0 5 1 4 10 
Pooled marrow recipients 6 10 3 3 22 
87 





*One alive at 35 days. 


TABLE IT, COMPARATIVE SURVIVAL DATA IN ANIMALS TOLERATING BASE LINE EXPERIMENTAL 
PROCEDURES 














” wees | > Two WEEKS | > FOUR WEEKS |_ N WEEKS 
“Controls 3/27 (11%) 2/27 (7%) : 
Single marrow recipients 10/10 (100%) 5/10 (50%) 4/10 (40%) 


Pooled marrow recipients 21/32 (66%) 9/32 (28%) 6/32 (19%) 
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infusion, compares the survival rates of the control rabbits with those of the 
single marrow and pooled marrow recipients. The immediate death of 6 
animals in the control series and 12 animals in the experimental series was 
a direet sequel to one of the base line procedures. 


Skin Grafts 
(Homograft + Pre- and Post-irradiation Autografts) 
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Fig. 2.—The postirradiation course (1,100 r.) of control animal (L-2) 
surviving 36 days. 


receiving no marrow 


Controls —Control rabbits received the full dose of irradiation as well 
as a skin autograft and homograft, but were given no bone marrow. Twelve 
animals received no antibioties, while 15 were given the scheduled dose of 
penicillin and streptomycin for 10 days after irradiation, unless, of course, 
they expired before the tenth day. The lethal dose of radiation for this 
experimental group has been expressed as being 91 per cent in 14 days be- 
cause the great majority of deaths oceurred prior to this time. None of the 
12 rabbits receiving x-ray alone lived longer than 12 days, while 3 of the 15 
rabbits treated with antibiotics as well as x-ray survived longer than 12 days, 


with evidence of hematologic recovery. One died on day 26, 1 died on day 36, 


and 1 remains alive on day 35. Fig. 2 illustrates the weight curve and hematologic 
course of the control animal that survived 36 days after 1,100 r. At no time 
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could the chromatin ‘‘drumstick’’ indicating the female tag ever be detected i 
its neutrophils. Microscopie study of this animal’s bone marrow at autops 
revealed moderate hyperplasia, with only seattered degenerative changes. 

Experimental Series.— 

Single marrow recipients: All 10 rabbits that received marrow from 
single donor and tolerated the base line experimental procedures lived longer 
than 2 weeks (Tables I and II). Each of these animals had a successful 
marrow transplantation (Table II1) as indicated by the presence and persistence 
of female-tagged neutrophils. In the group surviving beyond 49 days, one 
died on day 90, 1 died on day 105, and the other 2 are alive and well more 
than 100 days after x-ray and transplantation with female cells. 


TABLE ITT. CORRELATION BETWEEN CIRCULATING 9 WBC AND SKIN GRAFT SURVIVAL IN 
ANIMALS LIVING More THAN TWo WEEKS 











SKIN GRAFT SKIN GRAFT 





Q WBC | 
RECIPIENTS PRESENT | Q@ WBC ABSENT ACCEPTANCE REJECTION 
Single marrow 10 0 10 0 
Pooled marrow 16 5 18 3 





Pooled marrow recipients: There were 40 animals in this group, but only 
32 lived through the irradiation, marrow infusion, and skin grafting pro- 
cedures. Of these 32 animals, 11 died in the first 2 weeks, 12 in the next 2 
weeks, and 3 between 4 and 7 weeks (Tables I and II). The mean survival 
time of animals living less than 2 weeks was 9.6 days as compared with a mean 
survival time of 8.5 days in control animals living less than 2 weeks. Six 
animals lived longer than 7 weeks, but 1 died on day 50. The remainder are 
still alive, some of them over 100 days from the time of irradiation. A sue- 
cessful marrow transplant was indicated in 22 of 32 animals by the appearance 
of female-tagged neutrophils in the peripheral blood at 4+ to 10 days alter 
infusion. In all eases these female cells persisted either until death or until 
the peripheral white count became so low that there was an insufficient number 
of mature neutrophils to allow an accurate count. 

In the group of 10 rabbits that did not accept marrow eratts, 5 were dead 
at the end of 2 weeks and 2 died on day 15. The other 3 animals showed 
hematologie recovery and remain alive. Female-tagged neutrophils were never 
present, even transiently, in their peripheral smears. It is of interest that 
4+ of the 10 animals that failed to show marrow survival received less than 
one billion nucleated cells. 

The 22 rabbits that had suecessful pooled marrow transplantation repre- 
sented 55 per eent (22 of 40) of the total number of animals in this portion of 
the experimental series. If only the animals surviving the x-ray and _ trans- 
plantation procedures are considered, 69 per cent (22 of 32) demonstrated 
acceptance and proliferation of pooled bone marrow. It should be pointed 
out that Table II makes no distinction between acceptance or failure of the 
marrow graft; rather, it indicates the ability of the marrow transplant pro- 
cedure to alter survival per se. However, from Table III, it is apparent that 
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16 of the 21 rabbits treated with pooled marrow and surviving longer than 
2 weeks had successful marrow homografts. Ten of these 16 two-week sur- 
vivors died between 2 and 4 weeks, while 3 died between 4 and 7 weeks. Thus, 
there were 3 rabbits living more than 7 weeks with persistent chimerism. The 
hematologic course and weight curve of one of these long-term survivors. is 
charted through 55 days after irradiation in Fig. 3. The prompt recovery of 
the white blood cell count and the hematocrit following a transplant of 1.8 « 10° 
marrow cells can be seen. Fig. 4 shows the repopulated femoral marrow of 
an animal that died 31 days after successful transplantation of marrow from 


5 donors. 
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Fig. 3.—The postirradiation course (1,100 r.) of animal (F-5) successfully transplanted with 
bone marrow pooled from 5 donors. 

Skin homograft data.—In an attempt to inerease the realism of the study, 
only skin grafts which were in place for longer than 14 days are considered. 
Controls: A group of 8 adult New Zealand white male rabbits received 
cross skin grafts from each other (Table V). These animals received neither 
X-ray pretreatment nor bone marrow infusions. The mean rejection time for 
the skin homografts in this group was 6.6 + 1.2 days as determined by the 
criteria stated earlier. The mean seecond-set rejection time in these same 


animals was 3.1 + 0.4 days. 
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Only 3 animals in the control group receiving x-ray but no marrow liv 

longer than 14 days and they rejected skin homografts on days 16, 26 and 2 

respectively. The mean rejection time for these skin grafts was 22.7 + 5.8 day 





Experimental series: 

Single Marrow Recipients: All 10 animals that received marrow froin 
a single donor exhibited acceptance of a skin homograft from the bone marro\ 
donor. These homografts remain viable and healthy in the 2 rabbits that 
remain alive (beyond 100 days). In the animals that died, the grafts were 
viable at the time of death. In this group, therefore, every animal accepted 
both bone marrow and skin from the donor after lethal irradiation. There 
were no instances of autograft rejection. 
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Kig. 4.—Photomicrograph of the femoral marrow 31 days after successful transplantation of 
pooled bone marrow in animal (C-4). (310, reduced %.) 












Pooled Marrow Recipients: Twenty-one animals receiving pooled marrow 
after total body irradiation lived more than 14 days. Of 105 skin homografts 
placed on these 21 rabbits, 62 were accepted and 43 were rejected. As shown 
in Table IV, 18 animals accepted skin from at least one donor; 17 accepted 
skin from two or more donors or an average of 3.6 graft acceptances per re- 
cipient. Three animals accepted 2 grafts, 5 accepted 3 grafts, 5 rabbits aecepted 
+ homografts, and 4 accepted all 5 skin grafts. The 3 animals living more 
than 49 days with successful pooled marrow transplants accepted 5 of 5 homo- 
vrafts, 3 of 5 homografts, and one of 5 homografts, respectively. One auto- 
eraft was rejected on the ninth day; all other autografts were intact. Hair 
vrowth usually beeame apparent in the shaved grafts in about 2 to 3 weeks. 
When the skin had not been completely shaved at the time of homografting, 
uninterrupted hair growth was observed as the homograft survived. Fig. 9, 
a photograph of the ears of the rabbit whose bone marrow is seen in Fig. 4, 
depicts the luxuriant hair that these grafts are capable of growing. Fig. 6 is 
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a eross section through a successful homograft on the left ear, demonstrating 
an abundance of hair follicles and the generally normal appearance of both 
the epidermis and dermis. In Fig. 7, a eross section through the rejected 
distal homograft on the right ear, the homograft rejection is characterized by 
absenee of skin appendages and by the presence of cellular infiltration of the 
dermis. In general, clinical estimates of definite rejection have been corroborated 


by pathologie criteria. 


TABLE LV. RECIPIENTS OF POOLED MARROW TRANSFUSIONS AND MULTIPLE SKIN HOMOGRAFTS 





NUMBER OF ANIMALS NUMBER OF SKIN GRAFTS | NUMBER OF SKIN GRAFT TAKES 
21 105 62 
SUCCESSFUL SKIN GRAFTS 

















~~ NUMBER OF ANIMALS NUMBER OF GRAFTS ACCEPTED | TOTAL NUMBER OF GRAFTS 

1 

6 

: 15 
5 20 
4 é 20 


Totals 18 62 
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Fig. 5.—A, Photograph of the ears of animal (C-4) 31 days after skin and marrow trans- 
plantation. B, Clinical appraisal of grafts shown in A. 


The 3 animals that failed to accept any of the 5 marrow donor homografts 
did not accept bone marrow either. The rejection of most of these grafts was 
delaved and of the chronic type. Mean rejection time was 23.0 + 8.7 days, 
almost identical with the rejection time for homografts in control animals 
surviving beyond 14 days (Table V). One point in Table III requires clarifica- 
tion; although only 16 of the 21 animals had successful marrow transplants, 
18 appear to have accepted skin grafts. However, the 2 animals recorded as 
having accepted skin with failure of the marrow grafts died on day 15. Sinec 
the mean rejection time of skin in irradiated animals either not receiving 
marrow or not accepting marrow is 23 days, neither of these animals really 
lived long enough to assess the course of all of their skin grafts. In Table IV, 
one of these 2 animals is included in the group that had aecepted 3 of 5 homo- 
grafts and the other as having accepted 2 of 5 grafts. Aside from these two 
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inconsistent results, all animals accepting skin grafts from marrow dono! 
accepted the marrow as well. The mean rejection time of those marro 
donor homografts that were not accepted in these 16 animals was 11.3 + 3.6 day 





Fig. 7. 


Fig. 6.—Photomicrograph of healthy skin homograft from ear shown on the left in Fig. 
(185, reduced %.) 

Fig. 7.—Photomicrograph of rejected skin homograft from ear shown on the right in Fig. 
(x<110, reduced %.) 


DISCUSSION 


The experimental production of actively aequired tolerance in various 


species received its major impetus from a recognition that the situation oecurs 


naturally in dizygotie cattle twins.2* The presumed exchange of erythrocytic 


precursors during embryonie life allows these red blood cell chimeras to accept 
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TABLE V. SKIN HOMOGRAFT SURVIVAL DATA 





NUMBER OF PER CENT 
| 


NUMBER OF GRAFTS | GRAFTS MEAN REJECTION 
ANIMALS APPLIED | REJECTED TIME (DAYS) 





Controls 
Normal animals 8 
First-set response 
Second-set response 
Survival more than 14 days 
X-ray without marrow 
Single marrow recipients 
Pooled marrow recipients 
Survival more than 14 days 
Irrespective of marrow take 
Survival more than 14 days 
Successful marrow transplant 2s 3 + 3.6 
Survival more than 14 days 
Unsuccessful marrow transplant 
(A) 3 15 
(B) 2 (death day 15) 


6.6 + 1.2 

3.1 + 0.4 

22.7 + 5.8 
No rejections 


15.3 + 8.4 





exchange skin grafts in adulthood.! Billingham, Brent, and Medawar, in 
1953, > demonstrated acquired tolerance to skin homografts in adult mice, 
produced by inoculating these animals with foreign spleen, testis, and kidney 
cells from a single adult donor during fetal life. Cannon and Longmire*® 
pointed out that 5 to 10 per cent of homografts exchanged between newly 
hatehed chicks under 3 days of age would survive indefinitely. However, by 
giving an intravenous infusion of 0.5 ml. of blood as well as a skin homograft 
from an adult donor to newborn chicks, Billingham and Brent,*? in 1956, 
induced tolerance in 65 per cent of their animals. They suggested that 
administering the antigen intravenously provided tolerance before the adaptive 
period had expired. This concept was substantiated by their report of tolerance 
to skin homografts in 75 per cent of mice given spleen cells intravenously 
immediately afte’ birth. 

Hasek, with his broad experience in the induction of tolerance in para- 
bionts, first made use of bone marrow and spleen cells pooled from multiple 
donors to produce toierance in ducks.1° The Peking duck, which he used, has 
an adaptive neonatal period up to one week, during which time skin homo- 
grafts will be accepted. Hematopoietic cells pooled from either newborn or 
adult donors (20 to 60 in number) were injected intravenously into these 
newborn ducklings, with the production of tolerance not only to the skin of 
various donors of marrow, but also to randomly selected skin donors. Ashley 
and associates? have also made use of a pooled antigen (whole blood or con- 
centrated white blood cells) to induce tolerance in neonatal rats. Concentrated 
white cells from 10 adult donors, injected into the hearts of neonatal rats, was 
followed by tolerance to indifferent skin homografts placed at day 20 in 50 per 
cent of their animals. No grafts placed at 40 days of age survived. Although 
the inference was not drawn in their report, this may be due to the fact that 
white blood cells are not a proliferating antigen. 

All of the preceding situations of acquired tolerance have been produced in 
the very special, and clinically impractical, intrauterine or neonatal periods. 
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Acceptance of skin grafts from single donor mice of other strains has bee: 
demonstrated in adult inbred mice by Main and Prehn,’® and Trentin,”® follow 
ing total body irradiation and homotransplantation of marrow. Broeades an 
associates have reported successful heterotransplants of rat skin in mice a 
cepting rat marrow.’ 

The present report deals with the production of acquired tolerance ii 
adult rabbits to skin homografts from more than one animal, as a sequel to 
the successful transplantation of pooled bone marrow from immunologically 
mature donors. In this series, the survival rate of animals subjected to lethal 
total body irradiation is significantly improved by treatment with pooled 
marrow, and compares very favorably to that of animals given marrow from 
a single donor (Table Il). The number of single marrow recipients included 
for comparison is small, but Table VI provides data previously published from 
this laboratory,’” *7 indicating the similarity in survival statistics for rabbits 
receiving bone marrow from a single donor under comparable experimental 
conditions. The size of the group of normal untreated animals receiving 
erossed skin grafts (Table V) is also small, but Medawar has earried out ex- 
haustive homografting experiments in rabbits,” 4 with no evidence of graft 
takes. Moreover, donor and recipient animals in this series were of different 
strains, as indicated previously. Medawar’s criteria for rejection of skin pro- 
vide for the slight prolongation of median rejection time in his animals as 
compared with the mean rejection time included in this report. 


TABLE VI. CRUDE SURVIVAL STATISTICS* IN X-RAY AND SINGLE DoNOR MARROW 








NUMBER OF 





SERIES TWO WEEKS FOUR WEEKS SEVEN WEEKS | ANIMALS 
127 84% 66% 45% 38 
1117 98% 66% 54% 41 
IIIt 100% 50% 40% 100 





*Animals surviving base line experimental procedures. 
7Current series. 


The dose of irradiation appears to be extremely important in permitting 
successful marrow homografting. Trentin®® demonstrated that mice receiving 
770 r. (LD 100) and homologous bone marrow had a lower mortality than 
animals receiving 550 r. and marrow. Gengozian and Makinodan™ also re- 
ported a decrease in mortality in mice given 950 r. (LD 100) and rat bone 
marrow as compared to the mortality at 700 r. and 800 r. and similar doses of 
rat bone marrow. van Bekkum and Vos* described an increase in mortality 
at 400 to 600 r. as compared with 800 to 1,000 r. followed by both heterologous 
and homologous marrow in mice. A small group of rabbits irradiated in this 
laboratory with 900 r., in divided doses of 500 and 400 r. on successive days, 
failed to accept marrow homotransplants. As with the other series of sublethally 
irradiated animals, they exhibited a high mortality within the first 2 weeks 
Since 1,100 r. administered over 24 hours has been only an LD 91 in this 
current series, it is possible that a higher percentage of successful transplants 
might be anticipated at higher dose levels. It has been apparent in this serics 
that rabbits tolerate irradiation less well in the summer, which may account for 
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the fact that, at the same x-ray dose levels, a higher percentage of successful 
transplants was obtained in the warmer weather. A comparable experimental 
group of rabbits will be irradiated with 1,200 r. to evaluate the necessity of 
higher x-ray dosage during a season of lower temperature and humidity. 


The dose of bone marrow eells infused as a homograft definitely has an 
effect on the success of the procedure. Cohen, Vos, and van Bekkum® have 
shown that twenty times the number of nucleated marrow cells are required to 
obtain a homologous transplant as compared with an isologous transplant of 
marrow in mice. Congdon’? has corroborated these findings. Although no 
eareful attempt has been made to correlate the success of transplantation of 
pooled bone marrow with the dose of cells in this experiment, it appears that 
the critical range is somewhere between 1.0 and 1.5 billion cells, since 4 of the 
5 animals that received less than this dose failed to accept marrow transplants. 
The fifth animal, although demonstrating female neutrophils, died on day 11. 


The majority of the deaths within both pooled and single marrow groups 
were due to pneumonia. However, 3 of 9 rabbits which died within the first 
14 days postirradiation apparently succumbed because of perforation of acute 
gastric uleers, and mucosal ulceration and hemorrhage were evident in a few 
of the animals which died later. In some of the animals, especially those that 
died within the 29- to 49-day period postirradiation, the cause of death was less 
apparent at autopsy. Within this latter group, a clinical diagnosis of homol- 
ogous disease or the incipient homologous state could be made according to 
the eriteria suggested in earlier work from this laboratory.’7 A similar syn- 
drome has been described in other species.?” ** ** The ineidence of the graft 
versus host reaction appears to be somewhat higher in the pooled marrow re- 
cipients than in the single marrow recipient animals, either in the current or 
in previous series. An elaboration of the clinical, pathologic, and immunologie 
correlations of the syndrome and observations on the treatment of it will be 
the bases of separate reports. 

Every animal that has accepted a marrow transplant in this experiment 
has accepted skin from either its single donor or from at least one donor 
to the marrow pool. Conversely, no animal has accepted skin homografts 
‘“nermanently’’ in the absence of a successful bone marrow take. As demon- 
strated in Table V, the mean rejection time for skin homografts in animals 
with sueeessful pooled marrow transplants is less than half that for animals either 
not receiving or not accepting marrow. On the basis of this fairly small series, 
the explanation does not appear to be a recovery of the host’s mechanism, 
since grafts placed on animals not receiving marrow took an average of 23 
days to be rejected. Rather, the implication is that marrow, successfully trans- 
planted, provides the host animal with certain immunologic defenses that 
simulate his own in efficiency (comparative mean rejection times being 11.2 and 
6.6 days). Thus one can postulate that the immune systems of those segments 
of the donor marrow that have taken as grafts are responsible for the rejection 
of skin from animals whose marrow elements are not represented in the suc- 
cessful grafted marrow population. The work of LaVia and co-workers" 
substantiates the concept that grafted tissue with hematopoietic potential has 
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a prompt capacity for antibody production. These considerations form th 
basis of our belief that the survival of skin homografts may be taken as a) 
index of the survival of marrow from the same donor or donors. Furthe 
support is offered by the regular success of skin homotransplantation in th 
single marrow recipients and by the failure to obtain permanent survival o 
skin homografts with 1,100 r. of irradiation, without bone marrow take. Addi- 
tional work will be required before this final point can be construed as firm 
evidence, since treatment of irradiated control animals with indifferent and 
specific blood, plasma, fluids, and general supportive measures may provide 
a larger series to study skin homografting in lethally irradiated animals 
which do not receive marrow. There is no evidence from any of these studies 
that the marrow population after successful homotransplantation is composed 
exclusively of donor tissue. 


Why 1,100 r. of irradiation will permit marrow transplantation but not the 
transfer of homologous skin is an intriguing question. It does not follow 
necessarily that bone marrow is the only tissue that can set the stage for the 
subsequent acceptance of other homologous grafts. The explanation may be 
related to the findings of Billingham and Brent,* who demonstrated that 
acquired tolerance could be facilitated in chicks and mice by introducing a 
‘apidly diffusing antigen (blood), in addition to a skin graft, during the 
adaptive period of neonatal life. The first 2 or 3 days following lethal irradiation 
may be analogous to this adaptive period.** ** Since marrow is a large anti- 
genie mass in immediate contact with the immune mechanism of the irradiated 
recipient, it may serve the same purposes that blood did in Billingham’s ex- 
periments. A small skin graft, on the other hand, may take so many days to 
establish immunologie contact that a narrow postirradiation period of adapta- 
tion to the transplantation antigen is exceeded. Experiments are in progress 
in this laboratory in an attempt to correlate the immunologic status of the 
individual animals with their ability to accept skin after various doses of 
irradiation, with and without marrow. 

From a clinical medical viewpoint, two optimistic concepts can be evolved. 
Because marrow transplants and skin homografts can be achieved with relative 
consisteney and for considerable periods of time in rabbits, especially in 
single marrow recipients, these procedures should be feasible in the human. 
Although the requisite dose levels of radiation, the proper source and dose of 
bone marrow, and the timing of organ transplantation in relation to irradiation 
and marrow administration can only be approximated at this time, the proper 
combination may be defined by the judicious application of existing animal 
data to highly selected human eases. Second, marrow-pooling techniques pro- 
vide a method of insuring an adequate supply of viable cells without medical 
liability to any given donor. Were skin grafts to be transferred from each 
of the marrow donors to the recipient immediately after marrow infusion, it 
would be possible to identify, by skin acceptance, those donors most suitable 
to contribute other organs or tissues. The pron.pt rejection of skin grafts 
from donors whose marrow had not been accepted would eliminate undue 
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delay in making these identifications and, therefore, in grafting the critical organ 
or tissue early in the postirradiation period. The problem of presensitization 
of the recipient by intended donors would be obviated, since only those whose 
skin grafts had been accepted would qualify as subsequent donors. 


SUMMARY 


Transplantation of pooled homologous bone marrow, comprising cells from 5 
immunologically mature donors, has been accomplished in adult rabbits after 
total body irradiation in the lethal range. Survival rates at 2, 4, and 7 weeks 
for animals receiving pooled marrow were generally lower than for animals 
receiving marrow from a single donor, but were significantly improved over 
the controls. In animals surviving the base line experimental procedures, 
successful marrow transplantation was achieved in 100 per cent of single 
marrow recipients and in 69 per cent of pooled marrow recipients. In each 
eroup, all animals that accepted homologous bone marrow also accepted skin, 
either from the single donor or from at least one of several donors. Of 16 
rabbits successfully grafted with pooled marrow and skin, 15 aecepted skin 
from 2 or more donors to the marrow pool. Rabbit survivors that did not 
receive or failed to accept pooled bone marrow eventually rejected all skin homo- 
grafts. Possible clinical applications of these experimental findings have 
been presented. 


We wish to express our appreciation to Misses Roberta Bruck and Elizabeth Tamits 


for their assistance with the technical procedures and in the preparation of the manuscript. 
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THE ENHANCEMENT OF HOMOGRAFTS OF SKIN IN THE 
ADULT RABBIT USING ELEMENTS OF HOMOLOGOUS 
WHOLE BLOOD 


Ricuarp B. Stark, M.D., AaNp Epwarp Dwyer, A.B. (By INviTaTION), 
New York, N. Y. 


(From the Surgical Service [Plastic], St. Luke’s Hospital) 


WO and a half years ago, our laberatory group took a fresh look at the 

problem of homoplasty. We took cognizance of the two characteristics of 
the reaction of rejection of all homografts of tissues and organs which virtually 
have become hallmarks of this reaction: the one being the presence of mono- 
nucleated cells in the bed of the homograft at the time it is rejected and the 
other being the accelerated breakdown of a second of two homografts trans- 
planted from the same donor in sequence, the second being rejected in less than 
half the time required for rejection of the first homograft. A state of immunity 
is presumed to have been established by the antigenic stimulus of the first graft 
which causes necrosis of the second with inereasing speed. This has been termed 
the ‘‘two-set phenomenon. ’’ 

Recent work was studied by Medawar® and by the tumor transplantation 
group of the Roscoe Jackson Laboratory at Bar Harbor, Maine, which has im- 
plied that prior treatment of the host with either viable or nonviable blood cells 
has a salutory effect upon homografts which were transplanted at a later time. 

We were cognizant of these data, but clinical history of homoplasty has 
indicated, however, that ‘‘bloodless’’ tissues (cornea, cartilage, and, of a lesser 
degree of bloodlessness, blood vessels) endure without precipitous rejection, 
while tissues that depend for survival upon vascularization are extruded with 
varying degrees of violence. This suggests that the elements of the cireulating 
blood, instead of producing a beneficial effect, on the contrary, might be re- 
sponsible for the phenomencn of rejection characteristic of homografts. 

Our work started when we devised a eritical experiment to assay this rela- 
tionship of elements of the circulatory blood to the survival of homografts, if, 
indeed, such a relationship exists at all. 

We felt that, if rejection of homografts of skin be due to the presence 
within the skin of circulating blood elements, prior injection of these elements 
should cause a homograft transplanted subsequently to slough at the accelerated 
‘ate characteristic of the second-set homografts. On the other hand, if cir- 
culating blood elements enhance the survival of homografts, as suggested by 
these workers, this would be patently manifest, for homografts then should sur- 


vive longer than control first-set grafts. 
This work was aided by U. S. Public Health Service Grant No. 2642 and by grants from 
the W. Alton Jones Foundation and the Well Born Foundation. 
Read at the Twentieth Annual Meeting of the Society of University Surgeons, Denver, 
Colo., Feb. 12-14, 1959. 
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TECHNIQUE 

Homografts of skin, 2.5 em. in diameter, were transplanted upon the ears of rabbit 
of disparite strains, Skin transplants were maintained at normal skin tension by the int 
mate adherence of skin to cartilage, and, hence, technical failures were kept at a minimum. 
Since no dressings were needed to insure the success of transplants upon the ear, dai! 
macroscopic observations were facilitated and progress recorded by photography. Multiple 
biopsies were obtained from these relatively large homografts using a leather punch, which 
did not readily exhaust the available graft nor jeopardize its survival.14 The easy availability 
and thinness of the ear produced a biopsy which was, in essence, a tissue sandwich, com 
posed of the homograft upon one side of the cartilage, with normal skin upon the other to 
serve as a control. All biopsies were read and graded for presence of mononucleated cells 
and degree of necrosis by one pathologist, who did not have access to the code which identified 
the specimens. This report encompasses 204 separate experiments. With the exception of 
the 10 rabbits studied using radioactive chromium, each experiment group consisted of 20 
or more animals. 

RESULTS 

Basic studies had to be carried out. These were made upon autografts, 
which were uniformly successful, and upon first- and second-set homografts. 
First-set homografts showed 50 per cent or more necrosis by the fifth post- 
transplantation day. At this time biopsies revealed the presence of mono- 
nucleated cells and maximum necrosis. From these studies we felt that, in the 
rabbit, it is the fifth post-transplantation day when the reaction of rejection 
ot homografts of skin is present unequivocally. Consequently, upon the fifth 
day we transplanted a second-set homograft, from the same donor, to the op- 
posite ear of the same host. Macroscopically and microscopically, second-set 
homografts were totally necrotic by the second post-transplantation day, ex- 
hibiting the second-set phenomenon, but, surprising!y, mononucleated cells were 
conspicuously absent from the bed of the second-set homografts at the time of 
its rejection (Fig. 1). 

Pretreatment With Whole Blood.—We turned then to the eritical experi- 
ment mentioned, designed to assay the role that circulating blood elements may 
play in the rejection of homografts of skin. One eubice centimeter of inocula 
(viable homologous whole blood) was withdrawn by eardiae puncture from the 
donor and injected into the dorsum of the host upon Day 1 of the experiment. 
We felt that if antigenicity of homografts of skin were due to circulating blood 
elements in the skin, injection of the latter would initiate the two-set phenom- 
enon, just as does skin. Upon Day 5, a homograft of skin from the blood donor 
was transplanted to the ear of the blood recipient. To ascertain in addition 
whether or not pretreatment with whole blood inocula would influence second- 
set grafts, an additional one eubie centimeter of whole blood was injected upon 
Day 5 of the experiment. Upon Day 10, a second-set homograft was trans- 
planted, using, as before, the same donor and recipient. (Fig. 2.) 

In these experiments, using pretreatment with whole blood, first-set homo- 
erafts of skin were not rejected rapidly but survived longer than untreated 
first-set homografts by a factor of two. In addition, homologous whole blood 
prolonged the life of seeond-set homografts by a factor of five, and, in many in- 
stances, enhaneed second-set transplants remained viable after the first-set 
graft had sloughed. 
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Isohemagglutinins—The presence of isohemagglutinins was sought follow- 
ing pretreatment with whole blood. In none of the host animals were iso- 
hemagglutinins detected following pretreatment with hemoglobin. In these ex- 
periments, at least, enhancement appeared not to be due to a rise in titer of 
isohemagglutinins, as has been stated. 

Pretreatment With Erythrocytes.—Our next step was designed to determine 
eritically which of the three main elements in whole blood was responsible for 
the enhancement observed. Viable erythrocytes, leukocytes, and plasma, frac- 
tionated by centrifugation, were used as pretreatment. The erythrocytes and 
leukoeytes were suspended in saline, then injected, while the plasma was in- 
jected as such. In these experiments, prolongation of homografts, by a factor 
of two, was noted only in the animals that had received erythrocytes suspended 
in saline as pretreatment, whereas pretreatment with leukocytes and plasma 
failed to increase survival over that of the control first-set grafts. 

Pretreatment With Red Cell Hemolysate——Erythrocytes were washed, then 
hemolyzed, and the cell membranes were separated from the hemoglobin by 
centrifugation. Pretreatment was carried out as before, using cell washings, 
cell membranes, and hemoglobin. In these experiments, only pretreatment with 
hemoglobin produced enhancement. 

Pretreatment With Multiple Daily Injections.—In the wake of successful 
enhaneement of skin homografts using small amounts of whole blood, erythro- 
cytes, or red cell hemolysate, the possibility of potentiating enhancement by 
multiple injections was explored. Daily injections of one cubic centimeter of 
inocula (both erythrocytes and red cell hemolysate) were carried out. Following 
5 daily injections, homografts showed no evidence of enhancement, all of the 
erafts failing to survive longer than the average for unenhaneed first-set homo- 
grafts. We coneluded from this that the enhancement we had observed follow- 
ing injection of a single eubie centimeter of enhancing inocula (whether whole 
blood, erythroeytes, or hemoglobin) could not have been due to a blockading 
type of immunologie saturation. 


Pretreatment With Multiple Spaced Injections.—Multiple injections (3) of 
inocula (erythrocytes and red cell hemolysate) were administered, with 5 days 
intervening between each injection. It was our hope that the agent responsible 
for enhancement might be renewed in this manner. Such proved to be the ease, 
for first-set homografts were enhanced by a factor of three or more. 

Site of Action of the Enhancing Agent.—The anatomic site of action of the 
enhaneing agent was investigated using erythrocytes tagged with radioactive 
chromium. As before, one cubie centimeter of tagged inocula was injected into 
the dorsal region. Five and 9 days following injection of the inocula, the 
peripheral blood, liver, spleen, subeutaneous tissue at the site of injeetion, and 
lymph nodes at the base of the ear and in the axilla were examined in 10 ani- 
mals for traces of radioactivity. Although approximately 90 per cent of the 
radioactivity remained at the site of the injection, a small but definite amount 
ot radioactivity was found in the lymph nodes examined. 
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Fig. 1.—Control studies of autografts (A) first- (B), 
in rabbits of disparite strains as determined by biopsy are shown graphically. ] 
the uniform success of autografts (D, marked “A’’) and the characteristic “hallmarks 
reaction of rejection of homografts, that is the more rapid slough of the second of two homo- 


grafts, transplanted in sequence (£); and the presence of mononucleated cells - the bed of 
evidence in 1€ 


the first-set homograft. Curiously enough, mononucleated cells were not in 
bed of the second-set homograft at the time it was rejected. 
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Fig. 1 Cont’d.—For legend, see opposite page. 





Blood drawn from heart 
Blood injected subcutaneously 


4 


RABBIT 


a 


My’ FIRST SET HOMOGRAFT 
FIRST SET HOMOGRAFT %'\ 
4 ; 


SECOND SET HOMOGRAFT 


RABBIT A RABBIT B 


Fig Recent work has indicated that pretreatment of homografts with viable 


2» or non- 


homografts. On the other 


viable vee. of the circulating blood increased the survival of the | 
than those tissues 


hand, the ‘‘bloodless” tissues (cornea and cartilage) survive longer clinically 
which depend upon vascularization for their survival. 

To assay the role circulating blood elements play in the survival of homografts, a critical 
experiment was devised. Pretreatment with viable whole blood preceded by 5 days (A, upon 
day one of the experiment) subsequent homografting (upon day 5 of the experiment) usins 
the same beasts as donor and recipient for blood and skin. 

Additional inocula (whole blood) was injected at the time of the first-set 
(B Day five of the experiment) to assay its effect upon the second-set homograft, 
5 days later (C, upon Day ten of the experiment). 

It was felt that if circulating blood elements were responsible for the reaction of reject 
of homografts, pretreatment with these elements would cause the homografts transplant 
subsequently to slough at the rate characteristic of second-set grafts. On the other hand, 
these elements produce “enhancement” of homografts, this would be patently manifest, 
homografts would survive for a longer time than do control first-set grafts. 
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Fig. 3.—Homografts, both first- and second-set, survived longer following pretreatment 
With viable whole blood than did control homografts by a factor of two or more (A, B, and C). 

Fractionation of the main elements of the circulating blood (erythrocytes, leukocytes, 
an! plasma) was carried out by centrifugation and these elements used individually as pre- 
treatment. The enhancement observed following a with whole blood was duplicated 
only when erythrocytes were used as the inocula (D 

Viable erythrocytes were washed, then sie and the cell membranes separated 
from the red cell hemolysate by centrifugation. 

_ Enhancement was achieved only when red cell hemolysate was used as pretreatment (EF 

ani Ff), (Fig. 3 cont’d on next page.) 
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Pretreatment by Lymphadenectomy.—This deposition of radioactive m 
terial in regional lymph nodes suggested that here might be the site of action 
of the enhancing agent. The auricular lymph node was excised surgical! 
therefore, and a homograft of skin was transplanted distalward upon the ear. 
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Fig. 3 Cont’d.—For legend, see preceding page. 


Transplants performed in the wake of regional lymphadenectomy behaved in 
a manner similar to enhanced grafts, with the exception that greater prolonga- 
tion of life of the transplant was obtained, this time by a factor of three for 
first-set grafts and a manifold factor for second-set grafts. 

We have not performed yet the corollary experiment of reimplantation of 
the lymph node to see if our episode of tolerance will terminate abruptly, as 
suggested by Mitchison.*° This experiment is, however, upon our agenda. 
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DISCUSSION AND CONCLUSION 


Although our approach has differed from others, the discovery that an 
element of circulatory blood will prolong the lives of homografts certainly is 
not new. This fact has been demonstrated by Medawar,® Peer,'! Snell,!? Kaliss, 
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Fig. 4.—The possibility of potentiating enhancement by multiple injections of the en- 
hancing agent was explored. Daily injections of one cubic centimeter of inocula (erythro- 
cytes, red cell hemolysate) were carried out. 

Following 5 daily injections, the grafts showed no evidence of enhancement, suggesting 
that enhancement we had observed was not due to a blockading type of immunologic saturation. 

Hoping to renew our enhancing agent without producing immunity, we utilized three 
injections of inocula, spaced 5 days apart. Prolonged enhancement of the life of homografts 


resulted. 

















¥ 


: _Fig. 5.—Erythrocytes were tagged with radioactive chromium and injected as enhanc- 
ing inocula. A small but definite amount of the radioactivity was found in the regional 
lymph nodes at the base of the ear of the host, suggesting that here might be the site of 
action of the embracing agent. 

The auricular lymph node was exercised surgically, therefore, and a homograft of skin 
transplanted distalward upon the ear. By ablating the regional lymph node surgically, 
marked prolongation of the life of homografts was obtained. 


and others at Bar Harbor, and Marino and Benaim’ in Argentina, to name a 
few. Nor is the phenomenon of enhancement new. Enhancement has been 
achieved before using spleen cells (Jordon, Billingham and Brent,? and 
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Woodruff"), epidermal cells (Billingham,' Brent and Sparrow), and multip 


successive grafts (Werder and Hardin'*). The two-set phenomenon appears + 


point to immunity as the basic mechanism of homograft failure. Inability « 


workers in this field to detect immune bodies in the peripheral circulation sue 
gests that the mechanism of rejection may be confined to the local tissues. The, 


) 


e 


studies indicate that the regional lymph nodes are an intrinsic part of this 


mechanism. 


We feel that the enhancing agent in the red cell hemolysate interrupts 


temporarily the defense of the host against tissues and organs foreign to the 
individual at the lymph node, not by saturation or blockade but by paralysis 
of the immune response, which has been termed immunoparalysis by Felton. 

The data presented herein must be viewed as a progress report only. These 
studies are incomplete but so must be those of all workers in this field until 
the homoplasty enigma is solved. However, pursuit of the specific agent re- 
sponsible for enhancement offers promise of a elinical tool with small mass. 
Studies are in progress to determine whether the factor resides in the globin 


or the porphyrin fraction of the hemoglobin. 


Our group is not so much interested in producing a clinical agent which 
will merely buy time for the life of the homografts as we are in understanding 
the unique bodily mechanism because of which to date all homografts are fore- 


doomed to failure. 
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DISCUSSION 
(Papers by Wilson, Dealy, Sadowsky, Carson, and Murray; Stark and Dwyer) 


DR. JOSEPH E. MURRAY (Boston, Mass.).—The study of Dr. Wilson was formulated 
in order to answer a very pressing clinical problem. A year ago a patient without kidneys 
was referred for transplantation, and we tried to apply existing experimental data to a 
human who had about a 50-day life expectancy. At that time there were no available data 
as to the dose requirement of bone marrow in the human. In light of Dr. Wilson’s report, 
two points are worth mentioning: first, pooled marrow is a potential source of increasing 
viable donor tissue; and second, one of the marrow donors can be a potential organ donor 
at a later date. A fascinating by-product has been the unexpected finding that skin graft 
survival depended on marrow survival. Animals which rejected marrow in spite of a high 
dose of radiation could not support skin grafts. In other words, the high x-ray dose alone 
was not sufficient to give skin graft success. 

Dr. Stark’s excellent paper brings up the problem of enhancement which intrigues all 
workers in the field of transplantation. He has shown very clearly that results depend on 
the dosage, the cell type used, the interval between doses, and the method of introducing 
the antigen to the host. In collaboration with Dr. Merrill of the Medical Service, we tried 
to use this principle in humans with uremia, utilizing the viable leukocyte as the antigen 
which was given intravenously. In our work we produced an immunity, but the results could 
be varied depending on dosage and route of injection. Both Dr. Wilson’s and Dr. Stark’s 
studies exemplify the value of using rabbits as the experimental animal. The rabbit is 
immunologically similar to man, and results are therefore more applicable. It is also ad- 
visable to use normal tissue rather than tumor in studies of transplantation because tumors 
tend to survive autonomously to a greater degree than do normal tissues. 


DR. C. HENRY KEMPE (Denver, Colo.).—Most surgeons have worked in the area of 
decreasing host response to a transplant. Pediatricians have a mind that is directed toward 
the embryonic, and we are, therefore, interested in providing acceptable tissue to which a 
host response will be minimal or absent. Without modifying host response, embryonic bone 
marrow and liver tissue may become useful for transplantation with the same order of 
success we have achieved with parathyroid adenoma tissue. 

I would like to ask Dr. Stark whether he might not be seeing interference by the addi- 
tion of another antigen. Prolonged survival of graft tissue might represent less enhance- 
ment than competition. I wonder also if he has measured DNA in the various fractions to 
see whether his response directly relates to the DNA content of the tissue. 


DR. WILSON.—As far as embryonic tissue is concerned, we have been extremely in- 
terested in it, but we have had a great deal of difficulty in obtaining sufficient quantities 
for human use, and we still do not know whether organs will be completely accepted by indi- 
viduals accepting embryonic tissue. 

DR. STARK (closing).—Dr. Kempe, we have not so far made a search for DNA in 
the enhancing agent that we have used. We have been fortunate so far in that we have not 
had to worry about nucleated cells or other more difficult problems because the enhancing 
agent is in the red cell hemolysate. Whether RNA is involved must be investigated. The 
possibility of obtaining acquired tolerance by using embryonic tissue is a good method of 
circumventing the reaction of rejection. One wonders, however, whether when this tissue 
becomes adult, its matured antigenicity might not produce homologous disease that has been 
the despair of all who have tried this particular shortcut. 
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RIMARILY, the use of radiofrequency spectrum has been one of commu- 

nications. Its properties have been well studied and the mathematical and 
electrical laws which describe it have been delineated.*® ** This field, however, 
has largely been the domain of the electrical engineer and the physicist, and the 
literature has been chiefly published in these specialized fields. Nevertheless, 
electronic devices are already an important cornerstone of much medical 
research methodology. As continued progress is made in new forms of instru- 
mentation, as well as discovery of new applications of existing apparatus, it 
is not unreasonable to predict a wide future for radiofrequency methods as a 
research and diagnostic modality in medicine. 

Probably the best known application of radiofrequency conductimetry in 
present use is impedance plethysmography. The impedance curves so obtained 
closely resemble those of volumetric plethysmography. In spite of much the- 
oretical and practical work, however, the parameters involved are not com- 
pletely understood.'+ © Brook and Cooper have demonstrated alterations in the 
impedance plethysmogram with the intra-arterial infusion of electrolyte and 
nonelectrolyte solutions, suggesting that the parameter measured is intra- 
vaseular electrolyte.? 

With this thought in mind, two principal concepts will be emphasized in 
this report: (a) radiofrequency techniques of the simplest type can be utilized 
to determine total electrolyte in mixed solutions, thus relating electrolyte to 
its osmolality; and (b) albumin and globulin peaks on electrophoretic strips 
can be readily detected. The methods, in general, are elaborations of standard 
conductimetry, but with utilization of radiofrequencies. Considerable work 
has been done in this field of radiofrequency conduction as related to chemis- 
try, physics, and electrical engineering. We have drawn heavily from these 
sources.® *4 
INTRODUCTION 


Although methodology will be subsequently decribed in detail, the basic 
principle of these experiments is relatively simple. A one-megacycle (1,000 
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kiloeyeles) oscillator generates a radiofrequency current which is then trans- 
mitted through a test solution by means of external electrodes which act as 
plates of a capacitor* (Fig. 1, A). These are used to couple the radiofrequency 
to a probe which converts the alternating radiofrequency current into a pul- 
sating direct current. This is then read on a meter and recorded. The test 
solution appears to act as a resistance in parallel with the capacitor, and the 
resulting complex impedancet varies with the size of the capacitor and the 
magnitude of the resistance in the test chamber. With the capacitor remaining 
constant, changes in impedance resulting from variation of the electrolyte re- 
sistance in the test chamber will describe a parabolic curve in low dilution. 
Each of the effective components in the block diagram (Fig. 1) will be 


deseribed in detail. 


A. 


faa! Jpeg 


OSC. SPEC. PROBE METER 



































Fig. 1.—Functional diagram of apparatus. 


INSTRUMENTATION 


Oscillator.—Two types of oscillator were used. One was a crystal-controlled modified 


Pierce oscillator, utilizing a tuned-tank cireuit to suppress unwanted harmonic output.{ The 
effective power was approximately 100 milliwatts, which was more than adequate for these 
experiments. The base line frequency of one megacycle was chosen because it is a convenient 
frequency to generate and calibrate, and the wave length (300 meters) is great enough to 
allow some freedom in the length of the coaxial cables without introducing lead resonance 
effects.§ 

The second oscillator was an inexpensive signal generator (Triplett Model 3432-A) 
Although not crystal controlled, the frequency 


The small voltage output (due to its cathode- 
‘*Pulling’’ effects 


commonly used in electronic service work. 
drift following warm-up was negligible. 

follower circuit) is also adequate for all purposes herein described. 
(change of frequency) of both oscillators were not measurable with the arrangement utilized. 


Despite plate voltage regulation in the units, a line-voltage regulator was employed 
to compensate for small line-voltage variations that can otherwise introduce appreciable 
error. 

*A. capacitor consists of two electrodes separated by a dielectric, or insulator. The di- 
electric in this instance is glass. 

jImpedance is a general term which can be applied to any electrical entity which impedes 
the flow of current. It can be used to designate a resistance, a pure reactance, or a complex 
combination of resistance and reactance. 

tHarmonic frequencies are higher-order multiples of the primary frequency. 

_§At a given frequency, certain lengths of lead act as tuned resonant circuits, resulting in 
spurious outputs. 
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Test Chamber.—The test chamber utilized for the study of solutions was pattern 
after Blake.t A 1 ml. pipette is rigidly mounted in a shield can and two strips of t 
sheet metal are wrapped around the pipette to serve as electrodes. It was found conveni: 
to construct these sleeves about 1 to 2 em. in length and separate them by a distance 
6 to 15 em. These were bonded to the outside wall of the pipette with polystyrene cemeut 
to insure a moisture-proof seal. The capacitor so constructed consisted of two metal e! 
trodes separated by a length of glass tubing. The electrical characteristics of this capacitor 
will thus vary with the size of the electrodes and the distance separating them. Because thie 
reactance of any capacitor (‘‘resistance’’ to alternating current) varies inversely with 
frequency and capacitor size, the capacitive reactance* decreases as the capacitor is made 
larger, if the frequency is held constant. 

When the test solution is drawn into the pipette, it introduces, in effect, a nonreactive 
resistance in parallel with the capacitor because of its varying electrolyte content. An 
attempt is made to match the capacitive reactance of the test chamber to the nonreactive 
resistance of the electrolyte solution, since the greatest changes in impedance occur when 
the two are similar. Under the conditions of the experiment, solution resistance and capaci 
tive reactance demonstrated both to be on the order of several hundred thousand ohms. It 
is felt that this adequately explains the parabolic curves obtained,t if the electrical formula 
for impedance in parallel circuits is applied. 
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Fig. 2.—Dilution curve of sodium chloride. Curve A represents infinite dilution to saturation 
at room temperature. Curve B is a detail curve of A to 3 per cent dilution. 


A second type of chamber was utilized for the moist electrophoretic strips. This con- 
sisted of two knife-edged electrodes running the width of the chamber. The wet electro- 
phoretie strip was mounted between two sheets of celluloid and sealed with cellophane tape. 
This flat, watertight unit was then drawn between the knife-edged electrodes by means of a 







slowly revolving electrical motor, and radiofrequency conductance was determined. In neither 





of these test chambers does the material being tested come into direct mechanical contact 





with the electrodes, since electrical continuity is maintained by capacitive coupling. 








Probe.—Radiofrequency probes, in essence, consist of a rectifier to convert the alternat 





ing current into a pulsating direct current. This can be accomplished either by means of 
semiconductors or vacuum tubes. Both types have been used with comparable results. Al- 
though each has characteristic response curves, both are quite linear at the frequency and 
low voltages employed. 






Meter.—The meter may be any type of current-sensing device. We have employed a 





microammeter, a vacuum tube voltmeter (Hickok Model 209A), or, for increased sensitivity, 





*Capacitive reactance is represented by the following formula, where Xe is capacitive 
reactance in ohms, 7 is the mathematical constant 3.1416, f is the frequency in cycles pe! 
second, and C is capacity in farads. 







1 
Zaft CC 
*This is not strictly true, because of the distributed inductive and capacitive effects and 
the presence of higher-order harmonics (Fig. 2, A). 
tThe impedance of a capacitive reactance in parallel with a resistance is given by the 
following formula, where Z is impedance, X- is capacitive reactance, and R is the nonreactiv 
resistance, all expressed in ohms. 
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an amplifier and recording galvanometer. For convenience, we found the Edin Model 8122A 
AC-DC amplifier with an automatic galvanometer recording head eminently satisfactory. It 
is essential for measurement of the electrophoretic strips. 

Very small voltage increments can be measured if zero-shunting! is employed. This 
is carried out by placing an opposing voltage in the meter lead. When this voltage is made 
equal to the base line voltage, no current flows. However, any change in signal voltage is 
readily apparent.* With this teclinique and an amplifier, sensitivity in the microvolt range 
can be accomplished. 

METHODS 


Calibration.—The oscillator is calibrated by a frequency meter which is standardized 
against WWV.t By altering the series resistance (R in Fig. 1), pipette size, oscillator 
output, electrode size, and interelectrode distance, varying curves can be obtained for a given 
solution at the same radiofrequency (Fig. 3). Once a suitable curve is obtained, there 
should be no further component readjustment as this will necessitate recalibration. Once 
calibrated, the device is so accurate and stable that exact curves can be obtained months 
later following only a short warm-up period. 





mV 
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Fig. 3.—Typical dilution curves of sodium chloride (0 to 1 per cent) obtained by alteration 
of electronic components. 

Double-distilled water is used as the base reference level at all times. Once a given 
voltage output is obtained, any alteration in this reading (with distilled water) will indicate 
a dirty pipette. 

Solution Constituents.—The following inorganie and organic substances, alone or in 
various combinations, were conductimetrically measured : 

1. Sodium chloride in dilutions (by weight) of 0.01 to 3 per cent in increments of 

0.01 per cent and from 3 per cent to saturation in increments of 1 per cent. 

2. Solutions of calcium, potassium, and magnesium chloride in 0.01 per cent 

increments to 0.25 per cent. 

3. Serial 10 per cent dilutions of Baxter ionic colution No. 5 (X-319).4 

4. Glucose and urea in solutions to 300 mg. per cent. 

5. Varying combinations of electrolytes, electrolytes and glucose, and electrolytes 
with glucose and urea. 

6. Varying solutions of lyophilized human serum protein up to 1 Gm, per cent 
with complex combinations of electrolyte, glucose, and urea. In the latter 
instance all nonstandardized combinations were subjected to laboratory analysis. 





_*For example, a change in voltage of 3.000 to 3.001 volts would not be recognized on 
a 0-5 volt meter, but the 0.000 to 0.001 volt change is readily apparent on a galvanometer 
when zero-shunting is employed. 

jStandard radio- and audiofrequencies are broadcast continuously from WWYV operated 
4 the Central Radio Propagation Laboratory, National Bureau of Standards, Washington, 
5 e 


tBaxter solution No. 5 (X-319) is composed of the following: 


nee ee eam rne hy ae 138 NR ee ree ee 142 
OUI Soin risa 6 WEE oe econ 2 
magnesium _____-____ 2 phosphate. —...._..-..... _ 2 
I ee ee 146 mEq./L. ES TO Te 146 mEq./L. 


ee oe a eee 100 mg. per cent. 
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7. Titrations of solutions to 0.1 N HCl, NaOH, and acetic acid. The titration 
eurves were plotted as millivolt change versus the number of milliliters of acid 
or base added. End points were also determined by standard colorimetric 

techniques. 

Electrophoretic Strips.—Preparation of the moist electrophoretic strips has been m« 
tioned previously. Human serum protein was electromigrated under standard conditions in 
a Spinco chamber. Strips were mounted, read in the knife-edged specimen chamber and then 
subjected to the usual staining and photoelectric scanning techniques. Because the cor 
ductivity of these protein fractions is extremely small, an amplifier arrangement is essential. 
Full sensitivity of the apparatus is necessary, since less than this will give no discernible 


readings. 

Osmometry.—Solutions of Baxter X-319 were set up in serial 10 per cent dilutions of 
the original. To each was added sufficient glucose to produce a concentration of 100 mg. 
per cent. Similar solutions were also made, but with urea added to produce a concentration 
of 20 mg. per cent of urea. The final solutions of this series were made up by the addition 
of low-electrolyte human serum protein (to 1 Gm. per cent) to the electrolyte-glucose-urea 
combinations. Conductimetric readings were done, and then the total osmolality determined 
by the Fiske osmometer (a thermistor freezing-point type). Similar comparative determina 
tions were also carried out on human serum and a limited number of urine specimens. The 
osmolar contribution of each added substance could be found by the determination of the 
osmolality of each solution and the knowledge of the composition of the electrolyte solution 
base. These were then compared with the conductimetric values, 
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Fig. 4.—Conductivity curves of sodium chloride, potassium chloride, magnesium chloride, cal- 
cium chloride, glucose, and urea. 


All solutions were measured at a room temperature of approximately 25° C. It was 


found important to fill the pipette to the same calibration mark. If this 
reproducible readings are impossible. All conductimetric readings were in millivolts. 
standard range change in millivolts, as a measurement of conductivity under the conditions 
of this experiment, is expressed, since this will vary with the specific electronic components 


is not done, 


No 


utilized. 
RESULTS 


Electrolyte Conductance.—With double-distilled water as the base line, 
Fig. 2 represents a typical curve of conductivity for 0 to 35 per cent NaC1 with 
marked attendant fall-off as the concentration is increased to saturation (curve 
A). As demonstrated by curve B, however, this is almost linear in the first 
two-thirds of the 0 to 3 per cent range. 

Standard dilute solutions of a single salt demonstrate a parabolic curve 
(Fig. 4). When solutions of magnesium, calcium, and potassium chloride | 
physiologie dilution are measured, the curve is identical to that of NaCl in the 
same concentrations. This does not imply the same total electrolyte (that is 
milliequivalent for milliequivalent) but that the conductance is similar (gram 


per cent for gram per cent). 
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A comparison of conductimetrie readings of human serum and solutions 
constructed with the same proportion of important electrolytes (except a sub- 
stitution of Cl- for HCO,;— are comparable within 1 to 3 per cent. This lends 
further substance to the observation that the nonelectrolyte components of 
human plasma conduct poorly. Determinations on a limited number of urine 
specimens demonstrated that the total electrolyte content, as determined by 
analysis, could be predicted with accuracy from conductimetric readings. The 
extremes of pH were not tested, however. This remains for further inves- 
tigation. 

Various combinations of weak and strong acids and base demonstrated 
fairly typical conductimetric titration curves (Fig. 5). The end points are 
sharp, distinet, and exactly comparable with standard colorimetric methods. 

Nonelectrolyte Conductance.-—Glucose and urea show practically no con- 
duetivity. Similarly, proteins are not measurable unless full sensitivity is 
utilized. 

Osmometry.—Osmolality determinations (Fiske osmometer) of human 
serum samples and comparable ionie solutions in physiologic proportion could 
be correlated within 5 per cent. This represents only the total ionized elec- 
trolyte concentration and its contribution to osmolality, and is directly corre- 
lated with the comparable conductimetrie readings of serum and the test ionic 
solution (one milliequivalent — one millimol for univalent ions). 

Electrophoretic Strip.—With the amplifier at full sensitivity, the albumin 
and globulin peaks of human protein are easily recognized on wet elec- 
trophoretie strips (Fig. 6). 


STRONG STRONG 
BASE BASE 
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Fig. 5.—Typical titration curves. 
Fig. 6.—Comparison graph of electrophoretic strip conductivity and corresponding chro- 
matographic pattern (normal human protein). 


DISCUSSION 


Conductimetrie methods by standard techniques are well established.® In 
1930, Teegan’* reported that measurement at low frequencies and radiofrequen- 
cies showed apparent increases in electrolytic resistance associated with capacity 
and electrode effects, and concluded that they were unsuitable for accurate 
measurement of absolute electrolytic resistance. Because of these apparent 
increases, however, the sensitivity of the described test apparatus can be mag- 
nified over a limited range, and extremely accurate measurements can be 
obtained when a calibration curve is made. Furthermore, there is no need for 
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correction of electrode polarization and adsorption errors since there is no 
direct mechanical connection with the electrodes and the solutions being teste«. 

Temperature effects are minimal. In standard conductimetry, conductioi 
activity increases approximately 2.5 per cent per degree centigrade.® We have 
found that no temperature correction is normally necessary. The heating 
effect of the current being passed is negligible, since only an extremely sma! 
current is passed through the solution (about 40 microamperes). Specific dilute 
solutions were tested in the chamber for up to 4 hours continuously, without 
any detectable change in the readings. This would not hold true, however, for 
more concentrated solutions. As solutions become more concentrated, their 
temperature coefficients increase.' 

Cooper’ has carried out conductivity measurements on saline solutions up 
to 4 per cent in concentration with frequencies of 1 to 1,000 megacyeles and 
found this parameter to be independent of frequency in at least the 1 to 13 Me. 
range. Whether this holds true for other solutions, particularly of the heavier 
organic molecules, is uncertain. This was another reason for the selection of the 
low frequency employed in these experiments. Under other conditions, Garstens° 
showed strong paramagnetic absorption effeets of a, a-diphenyl, b-pieryl hy- 
drazyl in the 19.5 to 29.5 Me. range. Whatever peculiar frequency responses 
oceur with normal physiologic substances remain for further elaboration. 

Although the apparatus used is unsophisticated, accuracy can be obtained 
in an extremely convenient manner. Once assembled and calibrated, no special 
knowledge or technique is required to carry out the determinations mentioned 
in this report. The equipment is inexpensive, simple, and extremely stable. For 
these reasons, instrumentation was described in detail. 

The similarity of conduction of the same gram-mol per liter concentration 
of different solutes is probably based on several factors. The important phys- 
iologie electrolytes are primarily sodium, potassium, and chloride. The di- 
valent ions are in small amount. Although the heavier multivalent ions have 
greater equivalence than sodium, most of them have been shown to have less 
activity both chemically and electrically.° Undoubtedly there would be a 
marked divergence of the dilution curves if carried past quantities usually 
found in body fluids. When in physiologic proportion and concentrations, how- 
ever, total mixed electrolyte conductimetric measurement is comparable to that 
of a single inorganic solute in solution. 

These experiments have demonstrated a large difference in conductivity 
between electrolytes and other materials sampled. Hashimoto and Mori’ found 
the sensitivity series to be electrolytes, organie acids, organic bases, sugars and 
steroids in decreasing order. 

Since osmotic pressure depends upon solute concentration, molecular size, 
absolute temperature, dissociation, and electrolyte valence, it is of interest to 
observe that not only can the total electrolyte of mixed solutes be accurately 
determined but that the osmolality of electrolyte alone in a mixed solution with 
organie materials can be accurately and rapidly estimated by radiofrequency 
conductimetry. However, the electrolyte must be present in physiologic pro- 
portion and comparison made with calibrating solutions of known ionic con- 
stituents in similar proportion. 
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Although wholly analogous to the ultraviolet papyrography reported by 
Hashimoto and Mori,® to our knowledge, this is the first report of the use of 
radiofrequencies for the determination of albumin and globulin peaks of human 
proteins on wet electrophoretic strips. 

Radiofrequency methods have been employed in impedance plethysmog- 
raphy,? plasma volume determinations,’? endothoracic vascular volumetric 
changes,” titrations,! moisture detection,’ solute diffusion,’ determination of 
tissue interfaces,'® cellular impedancee,* and chemical kineties. To this list should 
be added determination of electrolyte osmolality in plasma, and the detection 
of human protein fractions on electrophoretic strips. Many other applications 
in medicine are foreseen. The most promising of these will be the result of in 
vivo applications of in vitro techniques. 


SUMMARY 


1. Aceurate radiofrequency conductimetric measurements can be made with 
inexpensive components which are commercially available. Once calibrated, the 
equipment maintains a high degree of accuracy. Temperature effects are 


negligible because a minute current is used. 

2. Total electrolytic content of mixed solutions can be readily determined 
even in the presence of organic materials. In physiologic proportion, this can 
be correlated with osmolality. 

3. Albumin and globulin peaks can be obtained from wet electrophoretic 
strips by this technique. 
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BELJAN AND BERRY 


DIscusSION 


DR. WESLEY A. CHILDS (Albuquerque, N. M.).—The application of a new 
different technique to biologic measurements is usually seized upon with considerable avidit 
by those who are doing work in which they see an immediate application. In connectio 
with transplantation experiments at the Albuquerque Veterans Hospital, we are current); 
using agar medium for electrophoretic separation of serum proteins and tissue extracts. 
The agar method gives an increased number of fractions and a more reliable mobilit, 
determination, but the detection of the borders of the fractions by staining or precipitation 
or other visual methods in the fragile agar strips is extremely laborious. We immediatel) 
see application of this method to determining the boundaries of our fractions in agi: 
electrophoresis. 

Even more important than the facilitation of laboratory procedures, however, I think is 
the application of Drs. Beljan and Berry’s method to the determination of blood electrolyte 
concentrations and by inference to the determination of hemodilution and hemoconcentration. 
To those of us who are working on the effects of various hormones, such as the antidiuretic 
hormone, the total electrolyte concentration may well be of as much interest and importance 
as the determination of any individual ion. If sufficiently good correlation can be achieved, 
we may eventually see, I think, this method more widely used than the more laborious freezing 
point depression which is currently used for total electrolyte concentration measurement. 

[ think, also, that, having had an opportunity to examine this paper before its presenta 
tion and seeing that it contained a considerable amplification of the technical subjects, Drs. 
Beljan and Berry are to be highly complimented on the simplicity and also inexpensiveness 
of the electronic components involved. I think that perhaps this very setup could be readily 
applied to impedance plethsmography, which heretofore has required extremely complicated 
electronic apparatus. 

If Drs. Beljan and Berry can continue to develop this method, an even more exciting 


prospect may suggest itself, namely, that of continuous monitoring of electrolyte in the 
patient. This hope arises because contact with the skin or with the blood is not necessary 
since, in their apparatus, there is capacitance coupling without any actual contact with the 


patient or animal. 

There is a rather obvious limitation of the method as it is presently given. Since the 
electrical functions being measured are not pure ones but are lumped impedances or lumped 
reactances, we cannot hope for, at least in my immediate vision, any determination of in- 
dividual ions. This method, for the present, must remain a determination of total electrolyte 
substances. I hope that, perhaps, Dr. Beljan will give us some indication as to whether 
he hopes that this method will eventually be applicable by changing the frequency or by 
changing the other variables to separation of individual ions. I should like to ask Dr. 
Beljan one technical question: Would he give us some idea as to how he injects a current 
into the meter-reading circuit in order to balance out the large voltages which may be the 


result of direct measurement? 


DR. BELJAN (closing).—The pertinent points that Dr. Childs brings up are real ones. 
We agree that lumped impedance is what we are measuring, although other investigators 
have attempted to measure pure parameters by means of electronic cancellation of thie 
capacitive reactive effects. This brings the realm of the components out of the range of tlie 
layman and the casual electronic technician to that of an electrical engineer, which would 
be beyond our personal capabilities. 

There have been some rather interesting studies done as far as paramagnetic resonances 
are concerned, and several of the important ions have been measured in this respect, but 
it is usually a reverse determination. I would think, however, that with further development 
of microwave techniques and investigation in the extremely high frequency ranges that 
something of this sort might ultimately be possible. 
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Number | 


The observations of Dr. Childs are correct in respect to the large voltages we pass. 
‘his is explained in our paper but we deleted it for purposes of oral presentation. In es- 
sence, we can measure minute changes in the face of a large voltage, which may be one or 
two volts, by means of zero-shunting. By this method, a voltage is placed in the meter 
circuit which is equal and opposite to the magnitude of the voltage being impressed on 
the test solution. When these two are equal, no current flows. However, a small change, 
either increased or decreased, in the test solution voltage being passed will give a differential 
which can be magnified and recorded. 











Review of Recent Meeting 


MEETING OF THE SOCIETY OF UNIVERSITY SURGEONS 
FEBRUARY 12-14, 1959, DENVER, CoLo. 
Victor RicHarps, M.D., SAN FRANCISCO, CALIF. 
The twentieth annual meeting of the Society of University Surgeons was held in Denver, 
Colorado, on Feb. 12, 13, and 14, 1959, where the Society was the guest of the University 


of Colorado Medieal Center. 
On Thursday morning, February 12, the members and an unusually large number o 
Dr. Henry Swan and Dr. George B. Packard 


guests assembled in the Denison Auditorium. 
were chairmen of the morning session, which included the following papers: 


1. Acute Hemorrhage: 
I. Standard Mortality Curve—Dr. T. L. Marchioro. 
Il. A Method for Serially Determining the Plasma 
Jenkins. 
LI1l. Fluid Shifts Following an Acute Sublethal Hemorrhage—Dr. J. 
2. The Interrelations of the Parameters of Oxygen Removal by the Myocardium 





Volume of Dogs—Dr. H. D. 


N. Wilson. 
Dr. 


V. Montgomery. 

3. The Simulation of Normal Cardiorespiratory Function Using 
tor—Dr. Bruce C. Paton. 

4. Barium Contamination of the Peritoneum Through 
K. C. Sawyer and Dr. R. W. Hammer. 

5. Indications for Duodenostomy—Dr. J. C. Owens. 

6. Surgical Significance of Opacifications of Radiolucent 
Watkins, Dr. E. Salzman, and Dr. L. C. Kier. 

7. Resection and Primary Anastomosis of Unprepared Large Intestine—Dr. R. Woodruff. 

8. Evaluation of Intestinal Plication and a Proposed Modification—Dr. W. A. Childs 
and Dr. R. B. Phillips. 

9. Effect of Formaldehyde on Experimental Ammonia Intoxication—Dr. M. 
Dr. G. W. Peskin, and Dr. L. C. Kier. 


a Kay-Cross Oxygena 


Perforated Peptic Uleer—Dr. 


Biliary Caleuli—Dr. D. H. 


ds ( rloff, 


Lunch was served in the Auditorium of the Veterans Administration Hospital. Dr. 


John Gramlich was chairman of the afternoon session and the following pape’s were given: 

1. Gastroenteric Arteriovenous Shunts as Pathogenic Factors in Portal Hypertension 
Dr. W. Silen and Dr. B. Eiseman. 

2. Experimental Emphysema—Dr. W. G. Rainer and Dr. B. Eiseman. 

3. Plastic Conduits for Palliation of Obstructing Gastrie Careinoma—Dr. | 
Dr. R. B. Melzer, and Dr. F. J. Rachiele. 

4. The Cerebrospinal Fluid Valves—Dr. W. K. Welch. 

5. Experimental Data on the Healing of Ruptured Ligaments—Dr. M. L. Clayton and 
Dr. G. J. Weir, Jr. 

6. Intramedullary Pressures of the Femoral Head—Dr. J. S. Miles. 


3. Eiseman, 





Of particular interest was the Symposium on the Problem of the Disappearing Service 
Patient in a University Surgical Training Program, which followed. This program offered 
the members of the Society an unusual insight into the present problems of obtaining teach 
ing material on a University Surgical Service. The participants in the program were: 
Dr. H. A. Zintel, Dr. F. H. Good, Dr. W. A. Dorsey, Dr. C. W. Anderson, and Dr. J. L. 
Campbell. 

A very pleasant cocktail party and dinner dance were held in the new ballroom of the 
Brown Palace Hotel on the opening day of the meeting. 

The Scientific Program presented by members of the Society on February 13 and 14 


is published in this issue of SuRGERY. 
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